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FOREWORD 

This Indian Standard ( Second Revision ) was adopted by the Bureau of Indian Standards on 
29 May 1989, after the draft finalized by the Electrical Installations Sectional Committee had 
been approved by the Electrotechnical Division Council, 



( Coniinmd on third ctmr ) 



AMENDMENT NO. 1 JANUARY 2006 

TO 

IS 2309 : 1989 PROTECTION OF BUILDINGS 

AND ALLIED STRUCTURES AGAINST LIGHTING — 

CODE OF PRACTICE 

( Second Revision ) 

( Page 25, Fig. 12, Key 10, Note ) — Delete the NOTE. 

( Page 46, clause 16JJ» Note ) — Add the following at the end of the 

note: 

^The minimuni specific criteria is applicable to Mast only/ 

( Page 47, Fig. 3 1. //ore 2, second line ) — Substitute *12.5J Yor 'i5.5.2\ 



( ET 20 ) 



Reprography Unit. BIS, New Delhi. India 
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1 SCOPE 



1*1 This Code outlines the general technical as- 
pects of lightning, illustrating its principal electri- 
cal, thermal and mechanical effects. Guidance is 
given on how to assess the risk of being struck 
and it offers a method of compiling an index 
figure as an aid in deciding if a particular struc- 
ture is in need of protection. 

1.2 The Code also offers guidance on good 
engineering practice and the selection of suitable 
materials. Recommendations are made for special 
cases such as explosives stores and temporary 
structures, for example, cranes, spectator stands 
constructed of metal scaffolding. 

1.3 Where current carrying conductors are 
directly associated with structures coming within 



the scope of this Code, certain recommendations 
relating to them are included; however, the pro- 
tection of overhead telephone wires, radar 
stations, electric traction and supply lines should, 
on account of their special nature, be referred to 
the specialists. 

2 REFERENCES 

2.1 The following Indian Standards arc neces- 
sary adjuncts to this standard: 

IS No. Title 

IS 732 : 1989 Code of practice for electrical 
wiring installation ( third revision ) 

IS 3043 : 1987 CDde of practice for earthing 
( first revision ) 



SECTION 1 CENERAL AND BASIC CONSIDERATIONS 



3 DEFINITIONS 

3.0 For the purposes of this Code, the following 
definitions shall apply. 

3.1 Lightning Fl&sis 

Electrical discharge of atmospheric origin be« 
tween cloud and earth comprising one or more 
impulse of many kiloamps. 

3.2 LigMnmg Strokes 

The single distinguishable current impulse of a 
flash. 

3e3 Lightning Protective System 

The whole system of conductors used to protect a 
structure from the effects of lightning. 

^A Air Termination ( Air Termination Net« 
work ) 

That part oi a lightning protective system which 
is intended to intercept lighming discharges, 

3*5 Down Gondnctor 

Conductor that connects an air termination with 
an earth termination. 



3.6 Bond 

A conductor intended to provide electrical con- 
nection between the lightning protective system 
and other metalwork and between various por- 
tions of the latter. 

3.7 Joint 

A mechanical and/or electrical junction between 
two or more portions of a lightning protective 
system. 

3.8 Testing Joint 

Joints designed and situated so as to enable resis- 
tance or continuity measurements to be made. 

3.9 Earth Terss&inatlon ( Earth Teradnatlon 
Network ) 

That part of a lightning protective system which 
is intended to discharge lightning currents into 
the general mass of the earth. All points below 
the lowest testing poiut in a down conductor are 
included in this term. 

3.10 Earth Electrize 

That part of the earth termination making direct 
electrical contact with earth. 



1 
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3«11 King Gos&dttctor 

Earth termination or electrode fixed to a struc- 
ture above or below the earth or within or under 
foundations. A ring conductor may be used alone 
as an earth termination network or in conjunc- 
tion with metal rods as an interconnection 
conductor, 

3J2 Indicating Plate 

A plate detailing the number and position of 
earth electrodes. 

3 A3 Reference Eairtli Electrod® 

An earth electrode capable of being completely 
isolated from an earth termination network for 
use in periodic testing. 

3.14 Log Book 

A record of tests and inspections of a lightning 
conductor installation. 

NOTES 

X The following abbreviations and symboU are used 
in the illustrationa appearing in tbia standard: 

DC — Down conductor 

HC — Horiz ontal conductor 

VC — Vertical conductor 

ZP — Zone of protection and protective angles 

2 The boundary of ZP ia indicated by dashed lines. 

4 TECHNICAL ASPECTS OF LIGHTNING 

4.1 General 

Lightning is a natural hazard^ being the discharge 
of static electricity generated in parts, called 
^cells', of storm ciouds. Some of them damage 
buildings and a few kill or injure people aud 
animals, either directly or indirectly by causing 
fire and explosions. Statistics for deaths by lightn- 
ing show the risk to be very low. 

A map showing average number of thunderstorm 
days in a year in India is given in Fig. I. 

NOTE — The estimation of exposure risk is how- 
ever work«'d out in relation to expected number of 
lightning flashes per square kilometre per year ( ste 

8.1.2). 

The first step in minimizing the danger from 
lightning must be to learn as much as possible 
about its nature. The main characteristics are 
therefore briefly summarized in 4,2. 

4,2 Characteristics of U^htnimg 

4.2.1 Cumnt in a Lightning Stroke 

Rather than describe an 'average* lightning flash, 
it is easier to give ranges for the various para- 
meters. The important part of a lightning flash 
from the resulting damage point of vicvi^ is the 
'return stroke*. 



This is that part of the flash in which a charged 
cell in a thunder cloud is discharged to earth. The 
current in this return stroke ranges from about 
2 000 A to about 200 000 A and its distribution of 
values is of the form which occurs frequently in 
nature, the so called *log/normal* distribution. 
Hence: 

1 percent of strokes exceed 200 000 A 



10 percent „ 


»j 


)» 


80 000 A 


50 percent ,, 


)S 
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28 000 A 


90 percent „ 


)) 


)) 


8 000 A 


99 percent „ 


s> 


>9 


3 000 A 



The current in most ground flashes is from the 
negatively charged cells in the thunder cloud, and 
the flash ctirrent is, therefore, a negative flow from 
cloud to ground; less frequently, strokes from a 
positive part of the cloud also occur. For cither 
polarity, however, the current flow is unidirec* 
tionai with a rise time of less than 10 f«s for the 
negative flash ( but considerably longer for the 
positive flash ) and then decays to a low value, 
for a simple single stroke, in 100 /as or less. 
Some flashes comprise two or more strokes which 
individually conform to the description for a 
single stroke but which may be spaced in time 
50 ms to 100 ms apart. The rare multi-stroke 
flash having more than 10 strokes may, therefore, 
last for up to I second. 

4.2.2 Vcltagi 

Before the flash takes place, the potential of the 
charge cell may be estimated very roughly assum- 
ing the charge in the cell to be 100**G and the 
radius of an equivalent spherical cell to be 1 km. 
The capacitance of the cell is, therefore, about 
lO""^ F and from Cltss CV the potential is estimat- 
ed to be 10^ V. It is reasonable, thcretore, to 
assume that the cloud potential is more than 100 
MV. This potential is high enough to ensure that 
the potentials sustained by whatever is struck will 
be controlled by the product of current and im- 
pedance, because this product will never be high 
enough in comparison with the cloud potential to 
modify the current magnitude. 

Although the return stroke is the most important 
parameter of a lightning stroke it is necessary to 
know something of the process which precedes it 
in order to understand why high structures arc 
more vulnerable than low ones* The lightning 
stroke starts by the step by step descent from the 
cloud of a leader stroke stepping some tens of 
metres at a time. When the last step brings the 
tip of the leader sufficiently close to earth, an up. 
ward streamer leaves the earth to join the tip of 
downward leader. 

The initiation of this upward streamer depends 
on a critical field being exceed^ at the earth 
emission point and so is a furction of the charge 
deposited by the down-coming leader and any 
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enhancement of the field caused by the geometry 
of the earth. The length of the upward streamer 
will be greater for greater charges and hence high 
current flashes will start preferentially from high 
structures for which the field enhancement is 
high, 

5 EFFECTS OF LIGHTNING STROKE 

5.1 Elfictrical Effects 

As the current is discharged through the resis- 
tance of the earth electrode of the lightning pro- 
tective system, it produces a resistive voltage 
drop which may momentarily raise the potential 
of the protective system to a high value relative 
to true earth. It may also produce around the 
earth electrodes a high potential gradient dan- 
gerous to persons and animals. In the same 
general manner, the inductance of the protective 
system must also be considered because of the 
steep leading edge of the lightning pulse. 

The resulting voltage drop in the protective sys- 
tem is, therefore, the combination of the resistive 
and inductive voltage components. 

5*2 Side Flashtiag 

The point of strike on the protective system may 
be raised to a high potential with respect to 
adjacent metal. There is» therefore, a risk of flash- 
over from the protective system to any other 
metal on or in the structure. If such flashover 
occurs, part of the lightning current is discharged 
through internal installations, such as pipes and 
wiring, and so this flashover constitutes a risk to 
the occupants and fabric of the structure. 

5.3 Thermal 

As far as it affects lightning protection, the eflTects 
of a lightning discharge is confined to the tem- 
perature rise of the conductor through which the 
current passes. Although the current is high, its 
duration is short, and the thermal effect on the 
protective system is usually negligible, ( This 
ignores the fusing or welding effects on damaged 
conductors or thdse which were not adequate in 
the initial installation, ) In general, the cross- 
sectional area of a lightning conductor is chosen 
primarily to satisfy the requirements of mechani- 
cal strength, which means that it is large enough 
to keep the rise in temperature to I'^G. For 
example, with a copper conductor of 50 mm® 
cross section, a severe stroke of 100 kA with a 
duration of lOOjtis dissipates less than 400 J per 
metre of conductor resulting in a temperature rise 
of about PC The substitution of steel for copper 
results in a rise of less than ICG. 

5 A Mechanical Effect® 

Where a high current is discharged along parallel 
conductors at close proximity, or along a single 
conductor with sharp bends, considerable 
mechanical forces arc produced. Secure mechani- 
cal fittings arc, therefore, essential. 



A different mechanical effect exerted by a lightn- 
ing flash is due to the sudden rise in air tem- 
perature to 30 000 K and the resulting explosive 
expansion of the adjacent air in the channel 
along which the charge is propagated. This is 
because, when the conductivity of the metal is 
replaced by that of an arc path, the energy in- 
creases about one hundredfold. A peak power of 
about 100 MW/m can be attained in the return 
stroke and the shock wave close to this stroke 
readily dislodges tiles from a roof. 

Similarly, with a secondary flash inside the build- 
ing, the shock wave can result in damage to the 
building fabric. 

6 FUNCTION OF A LIGHTNING 
CONDUCTOR 

6.1 A lightning conductor is incapable of dis- 
charging a thunder cloud without a lightning 
stroke. Its function is to divert to itself a lightn- 
ing discharge which might otherwise strike a 
vulnerable part of the structure to be protected. 
The range over which a lightning conductor can 
attract a lightning stroke is not constant, but it is 
now believed to be a function of the severity of 
the discharge. The range of attraction is, there- 
fore, a statistical quantity. 

On the other hand, the range of attraction is 
little affected by the configuration of the con- 
ductor, so that vertical and horizontal arrange- 
menu are equivalent. The use of pointed air 
terminations or vertical finials is, therefore, not 
regarded as essential except where dictated by 
practical considerations. 

7 OTHER METHODS OF LIGHTNING 
PROTECTION 

7-1 This code considers *conventionar lightning 
protective systems. Attention has been given to 
methods intended to increase artificially the range 
ot attraction afforded by an air termination, as 
well as a system aimed at reducing the likelihood 
of an actual discharge. 

NOTE — Additional guideliiies covering these are 
uader coQsideration* 

e BASIC CONSIDERATIONS FOR 
PROTECTION 

8.G latrodizctioa 

Before proceeding with the detailed design of a 
lightning protective system, the following essential 
steps should be taken: 

a) Decide whether or not the structure needs 
protection and, if so, what arc the special 
requirements ( see 8*1 and 8,2 ). 

b) Ensure a close liaison between the archi- 
tect, the builder, the lightning protective 
system engineer, and the appropriate 
authorities throughout the design stages. 

c) Agree the procedures for testing, commis- 
sioning and future maintenance. 
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AVERAGE NUMBER OF THUNOERSTORM OAVS 
IN THE YEAR 




ARABIAN 
SEA 



• ANDAMAN 
SEA 



INDIAN OCEAN 



Fw. I 



NOTES ACCOMPANYING FIGURE I 



SI Jfsme ofPla€$ Annual 

No. Thunder* 
Storm 
Days 

I Chloht 7 

2. Skarou 5 

3. Gulmarg 53 

4. Srinagar 54 

5. Drai 3 

6. Kargil 2 

7. Lch 3 

8. Jammu 26 

9. Dharamsala 13 

10, Amritsar 49 

11. Pathankot 4 
12* Mahoi 46 
13* Ludhiana 12 

14. Shimla 40 

15. Patiala 26 

16. Ambala 9 

17. Hissar 27 

18. Delhi 30 

19. Bikancr 10 

20. Phalodi 14 
2K Sikar 17 

22. Barracr 12 

23. Jodhpur 23 

24. Ajmcr 26 

25. Jaipur 39 

26. Kankroli 36 

27. Mount Abu 4 

28. Udaipur 34 

29. Nccmuch 23 

30. Kota 27 

31. Jhalawar 40 

32. Mussooric 61 

33. Roorkcc 76 

34. Moradabad 36 

35. Mukteshwar 53 

36. Mccrut — - 

37. BarciUy 34 

38. Aligarh 30 

39. Agra 24 

40. Mainpuri 23 

41. Bharaich 31 

42. Gonda 22 

43. Lucknow 10 

44. Kanpur 26 

45. Fctchpur 24 

46. Jhansi 20 

47. Allahabad 51 

48. Varanasi 51 

49. Azamgarh 1 

50. Gorakhpur U 

51. Kathmandu 74 

52. Muthihari 38 

53. Darbhanga 10 

54. Patna 33 

55. Gaya 38 

56. D&ltongaiy 73 
57.ilaaiarib|igh ,73 

58. RancW 34 

59. Chaibaaa 74 

60. Jamibedpur 66 

61. Purnea 52 

62. Sabouf 76 



SI JiamgqfPlaci Anmd 

JVb. Thunder* 
Storm 
Days 

63. Dumfca 63 

64. Darjccling 20 

65. Jalpaiguri 68 

66. Malda 50 

67. Asansol 7l 

68. Burdwan 33 

69. Kharagpur 76 

70. Calcutta 70 

71. Sagar Island 41 

72. Dhubri 8 

73. Tezpur 27 

74. Dibrugarh 70 

75. Sibsagar 103 

76. Shillong 75 

77. Chccrapunji 49 

78. Silchar 33 

79. Kohnia 34 

80. Imphal 49 

81. Decsa 7 

82. Dwarka 5 

83. Jamnagar 6 

84. Rajkot 12 

85. Ahmadabad 11 

86. Dohad 17 

87. Porbandar 3 

88. Verawal 3 

89. Bhavnagar II 

90. Vadodara 8 

91. Surat 4 

92. Gwahor 53 

93. Guna 33 

94. Nowgong 59 

95. Satna 41 

96. Sagar 36 

97. Bhopal 44 

98. Jabalpur 50 

99. Umaria 37 

100. Ambikapur 29 

101. Indore 34 

102. Hoshangabad 37 

103. Pachmarhi 30 

104. Seoni 51 

105. PcndaDam 56 

106. RajW 34 

107. GhiadWara 27 

108. Ranker 37 

109. Jagdalpur 38 

110. Balasore 81 

111. ChandbaU 75 

112. Angul 81 

113. Bhubancshwar 46 

114. Puri 33 

115. Gopalpur 34 

116. Sambalpur 67 

117. Jhanuguda 85 

118. TiUagarh 24 

119. Rajgaagpur 1 

120. Damamu 4 

121. Nasik 17 

122. Maiegaon 13 

123. Akola 20 

124. Khraoti 32 
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& Nam of Place 


Annual 


No. 


Thunder' 




Stem 




Days 


125. Nagpur 


45 


126. Gonda 


10 


127, Aurangabad 


36 


128. Bombay 


18 


129. AUbag 


12 


130. Ahmednagar 


10 


131. Parbhani 


32 


132. Pune 


22 


133. Mahabalethwar 


14 


134. Ratnagiri 


6 


13.'). Sholapur 


23 


136. Miraj 


25 


137. Vengurla 


39 


138. Nizamabad 


36 


139. Hanamkonda 


43 


140. Hyderabad 


28 


141. Kbammam 


26 


142. Kalingapatnam 


26 


143. Vishakapatnam 


20 


144. Rentichintala 


47 


145. Machhilipatnam 


20 


146. Ongole 


25 


147. Kurnool 


29 . 


[48. Anantapur 


27 • 


149. Nellore 


18 


150. Bidar 


16 


151. Gulbarga 


34 


152. Bijapur 


9 


[53. Belgaum 


31 


154. Raichur 


17 


155. Gadag 


21 


156. Bellari 


22 


157. Karwar 


27 


158. Honawar 


5 


159. ChikaJthana 


24 


160. Mangalore 


3b 


161. Hassan 


76 


162. Bangalore 


45 


163. Mysore 


44 


164. Hozbmoode 


39 


165. Palghat 


3S 


166. Cochin 


63 


167. Allepey 


57 


168. Trivandrum 


48 


169. Vellore 


25 


170. Madras 


47 


171. Ootacamund 


24 


172. Salem 


65 


173. Ckiddalore 


37 


174. Gaimbatore 


40 


175. Tiruehirapalli 


41 


176. Nagapaninam 


15 


177. Kodaikanal 


82 


178. Madurai 


39 


179, Pamban 


5 


180, Tuiicorin 


14 


181. Kanyalnimsri 


m- 


182. Port Blair 


62 


183. CarNicobarl 


10- 


[84. Minicoy 


20 
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a.l Need for Protection 

8.1 a General 

Structures with inherent explosive risks; for 
example, explosives factories, stores and dumps 
and fuei tanks; usually need the highest possible 
class of lightning protective system and rccom- 
mendations for protecting such structures arc 
given in 15 and 16, 

For all other structures^ the standard of protec- 
tion recommended in the remainder of the Code 
is applicable and the only question remaining is 
whether to protect or not. 

In many cases, the need for protection may be 
self-evident, for examples 

— where large numbers of people congregate; 

— where essential public services are con- 
cerned; 

— where the area is one in which lightning 
strokes are prevalent; 

— where there are very tall or isolated 
structures; 

— where there are structures of historic or 
cultural importance, 

However, there are many cases for which a 
decision is not so easy to make. Various factors 
-cfFecting the risk of being struck and the con- 
sequential effects of a stroke in these cases arc 
discussed in 8.1.2 to 8,1.8. 

It must be understood, however, that some factors 
cannot be assessed, and these may override all 
other considerations. For example, a desire that 
there should be no avoidable risk to life or that 
the occupants of a building should always feel 
safe, may decide the question in favour of protec- 
tion, even though it would normally be accepted 
that ihere was no need. No guidance can be 
given in such matters, but an assessment can be 
made taking account of the exposure risk ( that is 
the risk of the structure being struck ) and the 
following factors; 

a) Use to which the structure is put, 

b) Nature of its construction, 

c) Value of its contents or consequential 
effects, 

d) The location of the structure, and 

e) The height of the structure ( in the case of 
composite structures the overall height ). 

8*L2 Estimation of Exposure Risk 

The probability of a structure or building being 
struck by lightning in any one year is the product 
of the 'lightning flash denrity* and the *cffcctivc 
collection area* of the structure. The lightning 
flash density, A'g, is the number of ( flashes to 
grouod ) per km* per year. 



NOTE— For the purpose! of this Code, the infor- 
mation given in Fig. 1 on thunderfttorm days per year 
would bt necessary to be tranatated in termi of eatlmat- 
ed average annual density jVg, The table below which 
indicates the relationship between thundentorm days 
per vear and lightning flashes per aquart kilometre per 
year: 



Thundmtmm 


Lightning Flashes per km* 
p«r Tmr 

Mean Limits 


5 


0-2 




0-1 -0*5 


10 


0-5 




O'15-l 


20 , 


I-l 




0'3-3 


30 


1*9 




0'6-5 


40 


2-8 




0-8-8 


50 


3-7 




1*2-10 


60 


4*7 




1'8-12 


30 


6-9 




3-17 


100 


9-2 




4-20 



The effective collection area of a structure is the 
area on the plan of the structure extended in all 
directions to take account of its height. The edge 
of the effective collection area is displaced from 
the edge of the structure by an amount equal to 
the height of the structure at that point. Hence. 
for a simple rectangular building of length L, 
width W and height H metres, the collection area 
has length { L + 2H) metres and width 
[ W + 2H) metres with four rounded corners 
formed by quarter circles of radius H metres. 
This gives a collection area, Aq { in m' ) of 
( see 12.5,2.2 ): 

2{WxH) ^nm ( 1 ) 

The probable number of strikes ( risk ) to the 
structure per year fs^^ 

p = ^, X ^g X 10-9 ( 2 ) 

It must first be decided whether this risk F is 
acceptable or whether some measure of protection 
is thought necessary, 

8.1.3 Suggested Acceptable Risk 

For the purposes of this Code, the acceptable risk 
figure has been taken as 10'^ that is, 1 in 100 000 
per year. 

8,L4 Overall Assessment of Risk 

/ 
Having established the value of P, the probable 

number of strikes to the structure per year [ see 

equation (2) in 8J.2 ] the next step is to apply 

the *wcighting factors* in Tables I and 2. 

This is done by multiplying P by the appropriate 
factors to see whether the result, the overall 
weighting factors, exceeds the acceptable risk of 
P =3 10~* per year. 

8.1.5 Weighting Factors 

In Table* lA to IE, the weighting factor values 
are given mder headings *A' to '£,' denoting a 
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relative degree of importance or riaJc in each case. 
The tables arc mostly self-explanatory but it may 
be helpful to aay something about the intention 
of Table IC. 

The effect of the value of the contents of a struc- 
ture is clear: the term ^consequential effect' is 
intended to cover not only material risks to goods 
and property but also such aspects as the disrup- 
tion of essential services of all kinds, particularly 
in hospitals. 

The risk to life is generahy very small, but if a 
building is struck, fire or panic can naturally 
result. All possible steps should, therefore, be 
taken to reduce these effects, especially among 
childern, the old, and the sick. 

Table 1 Overall Asfiessment of Risk 
(Clauses BAA and 6,U5) 

Tsble lA Weisbtinf Factor *A* ( Uee of Stnactare ) 



Use to WlticK StTQctare ValQ« of <A* 

is Pat 

Houses and other buildiogs of compar- 0*3 

able aize 
Houses and other buildings of compar- 0*7 

able tizd with outside aerial 

Factories* workshops and laboratories 1*0 

Odice blocks, hotels, blocks of Hats and 1 '2 

other residential buildings other than 
those included below 

Places of assembly, for example, chur- r3 

ches, halls, theatres, museums, eshi-* 
bit ions, departmental stores, post 
offices, stations, airports, and stadium 
structures 

Schools* hospitals, children's and other 1*7 

homes 



Table IB Welglitiag Factor «B' ( Type of 
Gonfitn£Ctios2 ) 

Type of Oosistrttceioa Vslae o£ *M* 

Steel framed encased with any roof 0*2 

other than metal'^ 

Reinforced concrete with any roof 0*4 

other than metal 

Steel framed encased or reinforced con- 0*8 

Crete with metal roof 

Brick, plain concrete or masonry with TO 

any roof other than metal or thatch 

Timber framed or clad with any roof 1 '4 

other than metal or thatch 

Brick, plain concrete, masonry, timber 1*7 

framed but with metal roofing 

Any building with a thatched roof 2*0 

^A structure of exposed metal which is continuous 
down to ground level is excluded from these tables as it 
requires no lightning protection beyond adequate earthing 
arrangements. 



Ttble IC Weightiag Factor *C* (Gontetits 
or Coofi^qiaential Effects ) 



Gossteikta or Ooaseqaesatlsil Value of *G* 

Ordinary domestic or ofBce buildings, 0'3 

factories and workshops not contain- 
ing valuable or specially susceptible 
cootents 

Industrial and agricultural buildings 0'8 

with specially susceptible* contents 

Power stations, gas works, telephone I'O 

exchanges, radio stations 

Industrial key plants, ancient monu- I'S 

ments and historic buildings, muse- 
ums» art galleries or other buildings 
with specially valuable contents 

Schools, hospitals, children's and other 1'7 

homes, places of assembly 

''This means specially valuable plant or materials 
vulnerable to fire or the results of fire. 



Table ID Weigbtfaig Factor <D' ( Degree of 
Isolatloa ) 



Degree ol laol&tSoss V&ltscof^D' 

Structure located in a large area of 0*4 

structures or trees of the same or grea- 
ter height, for example, in a large 
town or forest 

Structure located in an area with few I'O 

other structures or trets of similar 
height 

Structure completely isolated or ex-- 2*0 

ceeding at least twice the height of 
surrounding structures or tsett 



Table IE Welgbtiiig Factor «£' ( Type of 

Coimtry } 



Valne of 'E' 

0'3 

ro 

1-3 



Type of Goffistry 

Fiat country at any level 

Hill country 

Mountain country between 300 m and 
900m 

Mountain country above 900 m 1*7 

QdS Interpretation of Overall Risk Factor 

The risk factor method put forward here is to be 
taken a3 giving guidance on what might, in some 
cases, be a difficult problem, if the result obtain- 
ed is considerably less than 10-^ ( 1 in 100 000 ) 
then, in the absence of other overriding consider- 
ations, protection does not appear necessary; if 
the result is greater than 10"*, say for example 
10-* ( 1 in 10 000 ) then sound reasons would be 
needed to support a decision not to give protec- 
tion. 
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When it is thought that the eomequehtial effects 
will be small and that the effect of a lightning 
stroke will most probably be merely slight damage 
to the fabric of the structure, it may be economic 
not to incur the cost of protection but to accept 
the risk. Even though, this decision ii made, it is 
suggested that the calculation is still worthwhile 
as giving some idea of the magnitude of the 
calculated risk being taken, 

8AJ Anomalies 

Structures are so varied that any method of 
assessment may lead to anomalies and those who 
have to decide on protection must exercise judge- 
ment. For example, a steel-framed building may 
be found to have a low risk factor but, as the 
addition of an air termination and earthing 
system will give greatly improved protection, the 
cost of providing this may be considered worth- 
while. 

A low risk factor may result for chimneys made 
of brick or concrete. However, where chimneys 
arc free standing or where they project for more 
than 4*5 m above the adjoining structure, they 
will require protection regardless of the faaor. 
Such chimneys are, thercfure, not covered by the 
method of assessment. Similarly, structures con- 
taimng explosives or flammable substances are 
also not covered ( see 8.2.2 ). 

Results of calculations for different structures are 
given in Table 2 and a specific case is worked 
through in 7* 1.8. 

8.LS Samfde Catculation of Need for Protection 

A hospital building is 10 m high and covers an 
area of 70 m x 12 m. The hospital is located in 
flat country and isolated from other structures. 
The construction is of brick and concrete with a 
non*metallic roof 

Is lightning protection needed ? 

a) Flashes I km^j year — Let us say, for the pro- 
tcction of the hospital a value for JVg 
is 0-7. 

b) ColUction Area — Using equation (1) in 
8.L2: 

^0 - { 70 X 12 ) + 2 ( 70 X 10 ) + 2 
( 12 X 10 ) + ( ^ X 100 ) 

= 840 + 1 400 + 240 + 314 

•" 2 794 m« 

c) Probability of being stru»:k — Using equation 
(2) in 8.1.2: 

P =^ Aq X J^s >^ ^0"* *i°i«» ?«■ year 
« 2 794 X 0-7 X 10-^ 
^ 2-0 X 10"« approximately 



d) Applying the weighting factors 

B^O'B 
C=- 1-7 
D ^ 20 
E-0'3 

The overall multiplying =AxBxCxDxE 
factor = I '7 

Therefore, the overall risk «» 2*0 x 1'7 x 10-® 
factor = 3*4 X 10-» 

Conclusion', Protecuon is necessary, 

8.2 Zme of Prol«€tks 

8.2.0 General 

In simple terms, the zone of protection is the 
volume within which a lightning conductor gives 
protection against a direct lightning stroke by 
directing the stroke to itself. For a vertical con- 
ductor rising from ground level, the zone has 
been defined as a cone with its apex at the tip of 
the conductor its base on the ground. For a hori- 
zontal conductor the zone has been defined as the 
volume generated by a cone with its apex on the 
horizontal conductor moving from end to end. 

NOTE — This staadard detciibet the cone-concept of 
protection. Thli b under review. 

8.2.1 Protective Angle 

The so-called ^protective angle* illustrated in 
Fig. 3 cannot be precisely stated. This is because 
it depends upon the severity of the stroke and the 
presence within the protective zone of conducting 
objects providing independent paths to earth. All 
that can be stated is that the protection afforded 
by a lightning conductor increases as the assumed 
protective angle decreases. 

However, for the practical purpose of providing 
an acceptable degree of protection for an ordinary 
structure, the protective angle of any single com- 
ponent part of an air termination network, 
namely either one vertical or one horizontal con- 
ductor is considered to be 45*^ ( see Fig, 3A and 
3B ). Between three or more vertical conductors, 
spaced at a distance not exceeding twice their 
height, the equivalent protective angle may, as 
an exception, be taken as 60*^ to the vertical; an 
example is given in Fig. 3C. For a flat roof, the 
area between parallel horizontal conductors is 
deemed to be effectively protected if the air ter- 
mination network is arranged as recommended 
in 121.2. 

For structures requiring a higher degree of protec- 
tion, other |»t)tecdve angles ar^ recommended 

{seeU). 



Table 2 Examples of GalcralAtloos for £val«iAtliag thm Need for Frotectlon 

{aauses8AAandSAJ) 



81 E>escH^lon of 

Ho. Atrmctmre 
( ^«* Fig. 2 ) 


Risk of Bei&s Struck (P> 


Welshtia^ Factors 


IsBg Factor 

4»f cola 
5-9) 


Oves&£l 

Factor 

(FrodsHct 

<»f cols 

4 amd W ) 




CoUectlon 

Area 

Ac 


Flash 
Density 


P 


*A' 

Use of 

Structure 

( Table lA ) 


Type of 
€k»nstruction 

C Table IB) 


Contents or 
CQS»rquea- 
taal CHects 

< Table IC ) 


•D' 
Degree of 

Isolation 

( Table iD } 


Type of 
Country 

( Table IE) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


{7} 


(8) 


O) 


(10) 


(li) 


(12) 


1) M&konette^ reioforced 
con-crete and brick built^ 
nootnetallic roof 

2) Office building, reinforced 
coBiCTete construction, 
aon-metallic roof 

3) Scbooi, briclc buiSt 

4) 3 bedroom detached dwel- 
ling house, brick buih 

5) VilUge church 


3 327 

4 296 

5 456 
405 

5 027 


0-6 

6 

0-7 
0-4 
0-6 


2 X 10-* 
2 6 X I0-* 

I X 10-* 

1*6 X 10-< 

3 X 10-« 


1-2 

1-2 

r7 

0*3 
1-3 


0-4 

0-4 

1-0 
1-0 
10 


0-3 

0-3 

1-7 
0-3 
1-7 


0*4 
0-4 

0-4 

0-4 
20 


0:3 

03 

0-3 
03 
0-3 


002 

002 

03 

O'Ol 

1-3 


4 X 10-5 

5-2 X 10-6 

3 X 10-4 
1-6 X 10-« 
3*9 X !0-* 


Frotectioo 
required 

Frotectkia 
required 

Protection 
required 

No protection 
required 

Protectkon 
required 


NOTB — The r»k of being struck^ *P* ( col 4 ), is mtiUiplied by the pi oduct of the weighting facton ( col 5 to 9 ) to yield an overall risk factor (col U )* This should be compared 
with the acceptable ri«k ( i x 10"^ ) for guidance on whether or not to protect. 
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n^Hnnm 



Q^fMTtl •rrtflQwiMnt 



ColSotlttnareimd ntottiod of eiteulttioii 



M 





♦ 2f18X14)>jr16* 
4c •3327 m* 



(b) 





4«-' 15X40 + 2(21X40) + 

+ 2(21 X 161 +<r21^ 
4^«42t@m* 



(0 



!%^ 



e U3Q J \ 



4Q«-if14*+ 2(14X30) 
4e- 1466 m* 



R14 



(d) 



^ 
^ > 




4e"7X8 + 2(ax7) + i?9^ + 

+ 10 (approM.) for ^ma in black 
4^ • 406 m^ 



UJ^M 



(el 




/ 






4c - ir40^ 
A^ - 6027 m^ 



If) 





4g» 12X55 +2(18X55) + 

+ 2<18X I2| + ffia^ 
A^ - 4090 m^ 



(g) 





4e * 26 X 60 + 25 X 30 + 6 X 60 + 

+ 6X 60 + 6X25 + 6X26 + 
-»-6X 30 + 6X24 + «Aff6^ 
4c"367Sm^ 



m 



\ 



^^iii^K 




4c-20X 30 + 2(4X30) + 

+ 2(4X20)^ir4^ + 

+ 20 (fipproxJ for arM In bMi 
4i« 1070 m* 



All dlmtmiom in metres* 
MOTE — ThU figure ifaould b« used la toxyiiactta witb Tjibte 2. 
FlO. 2 DeTAIU 07 STIttJCTUW$ AIND GOLUOTION AllSAi 
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a 



-4 



/ 



/ 



ZP 



vc 

IN 



HC 



45^ 



\ 

\ 
ZP \ 



/ 



/ 



A^ 



/ 



ZP 






\ 



\ 



ZP 



\ 



^^H 



V/////7//////. "-'////////////A 



Plin vttw 
of zone of 
protection 
tit ground 



/ 



/ 



\ 



\ 



\ 



vc 





ZP 



\ 



/ 



/ 



/" 



/ 



HC 



\ 



\ 



D 



ZP 



Plan vliw 
of zoft« of 
V protectiof* 

\ at ground 



\ 



i9vei 



/ 



/ 



(a) One vtrtlcat conductor 



(b) Horizontal air t«rmtn«tion 



V//////////////////y^ 



/ 




/ 


IP 




' 




VC 




Ptsn view \ 
of 2ons of . 
pcot«ction \ 
h\ ground / 

\ 






VC 


\ 


19 





vc 



o 
VC 



ZP \ 



/ (c) four vertical conductors showing protsctiv® sngiss 
«nd Q$sociat8d zot\m of protection 






Fio. 3 pROT&onvB Amolss and Zones or Protkqtion for Various Forms of Air Termination 
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B.2.2 Struciuns of Exceptional Vulnerability 

For structures of exceptional vulnerability, by 
reason of explosive or highly flammable contents, 
every possible protection may need to be provid- 



ed, even against the rare occurrence of a lightning 
discharge striking within the protected zone 
defined above. For this reason, a reduced zone of 
protection, and various other special measures 
should be taken as recommended in 16* 



SECTION 2 SYSTEM DiSION 



9 GENERAL CONSIDERATIONS OF 
DESIGN 

f«0 Exch&sgeofliiforE&atiosQft 

9,0.1 The structure or, if the structure has not 
been built, the drawings should be examined 
taking account of the recommendations of this 
Code and giving particular attention lo: 

a) metal used in and on the rouf, window 
cleaning rails, handrails { see t-ig. 4 ), 
metal screens, walls, framework or re- 
inforcement above or below ground, to 
determine the suitability of such metal in 
place of, or for use as a component of, the 
lightning protective system. For example, 
sheet piling should be borne in mind under 
earth termination networks since this form 
of making contact with the general mass of 
the earth is unlikely to be improved upon 
by rods or tapes; and 

b) available positions for the required number 
of down conductors between the air termi- 
nation network and the earth termination 
network, this being particularly important 
when the down conductors are run inter- 
nally. 

All parts of the structures should, as a general 
rule, come within the zone of protection. 

9,0.2 Consultation 

Consultation should take place between the desig- 
ner of the lightning protective system and the 
following interested parties before and during all 
stages of design: 

a) Architect — As far as practicable, the follow- 
ing should be determined; 

1 ) The routing of all conductors. 

2) The general areas available for earth 
termination networks and reference 
electrodes. 

3) The material (s) for conductors. 

4) The extent of the work and the division 
of responsibility for primary fixings to 
the structure, especially those affecting 
the watcrtightncss of the fabric, chiefly 
roofing. 



5) The material (s) to be used in the 
structure, especially for any continuous 
metal, for example stanchions of re- 
inforcement. 

6) The use to which the structure is to be 
put. 

7) Details of all metallic service pipes, rails 
and the like entering or leaving the 
structure or within the structure which 
may require bonding to the lightning 
protective system. 

8) The extent of any buried services which 
could affect the siting of the earth 
termination network(s). 

9) Details of any equipment, apparatus, 
plant or the like to be installed within 
or near the building and which would 
require bonding to the lightning pro- 
tective system. 

b) Public Utilities — Agreement should be reach- 
ed on the bonding of their services to the 
lightning protective system. Because of the 
introduction of new materials and practices, 
reliance should not be placed on agree- 
ments reached for other structures. 

c) Fire j Safety Oncers — Agreement should be 
reached on: 

1) the need for a lightning protective 
system on structures containing flamm- 
able or explosive materials, 

2) routes and material is) of construction 
of duct and sealing at floors if internal 
conductors are envisaged, and 

3) the method of lightning protection to be 
adopted in the unlikely event of a 
structure having a flammable roof. 

d) Television j radio installers — Agreement 
should be reached on the need to bond 
aerial supports and screens of cables to the 
lightning protective system. 

c) Builder -^ Agreement should be reached on: 

1) the form, positions, and numbers of 
primary fixings to be provided by the 
builder; 

2) any fixings provided by the lightning 
protective system contractor to be instal- 
led by the builder; ^ 
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3) the positioiM of conductors to be placed 
beneath the structure; 

4) whether any components of the lightning 
protective system are to be used during 
the construction phase, for example, the 
permanent earth termination network 
( ETN ) could be used for earthing cranes, 
railway lines, scaffolding, hoists and the 
like during construction; 

• 5) for steel-framed structures, the numbers 
and positions of stanchions and the form 
of fixing to be made for the connection 
of earth terminations; 

6) whether metallic roof coverings, where 
used, are suitable as part of the lightning 
protective system and then to agree the 
method of attachment of conductors to 
earth; 

7) the nature and location of services entering 
the structure above and below ground 
including railway lines, crane rails, wire 
ropeways, conveyor systems, television and 
radio aerials and their metal supports, 
metal flues, flue-liners and dry risers; 

8) the position and number of flagmasts, roof 
level plant rooms (for example lift motor 
rooms, ventilating, heating and air-condi- 
tioning plant rooms), water tanks, and 
other salient features; 

9) the construction to be employed for roofs 
and walls in order to determine appropriate 
methods of fixing conductors, specifically 
with a view to maintaining the weather- 
tightness of the structure; 

10) possible penetration of a waterproofing 
membrane where earth terminations have 
to be sited beneath the structure, especially 
in *urban' situations and in confined spaces 
on industrial sites. The same general con- 
sideration applies to the 'reference earth 
electrode* for use in initial and periodic 
testing; 

1 1) the provision of holes through the structure, 
parapets, cornices, etc, to allow for the 
free passage of the lightning or down 
conductor; 

12) the provision of bonding connections to a 
steel frame, reinforcement bars, and other 
metal; 

13) the most suitable choice of metal for the 
conductors taking account of corrosion, 
especially at bimetallic contacts; 

14) the accessibility of testing joints, protection 
by non-metallic casings from mechanical 
damage or pilferage, lowering of flagmasts 
or other removable objects, facilities 'for 
periodic inspection, especially on chimneys; 
and ,v 

15) the preparation of a drawing incorpora- 
ting the above details and showing the 



positions of all conductors and of the main 
components, 

10 MATERIALS 

10.1 Table 3 gives a check list for materials to be 
used in the component parts of lightning protec- 
tive systems. 

Copper and aluminium arc recommended for 
installations required to have a long life. If there 
is any diflSculty in the use of copper or aluminium, 
galvanized steel of the same cross section as 
recommended for copper may be used. 
Galvanized steel may be preferred tor some short 
life installations, such as exhibitions. 

In making a choice, consideration should always 
be given to the risk of corrosion, including 
galvanic corrosion. 

10.2 When non-matallic materials are used, their 
possible degradation due to ultra-violet light, 
frost, etc, muse be borne in mind and the advan- 
tages of easy installation and no elect rogalvanic 
corrosion should be considered along with need to 
replace them more frequently. 

For the protection of conductors due considera- 
tion must be given to protective coatings to pre- 
clude corrosion in less-favourable environments. 

For example: 

a) Lead covered ( 2 mm minimum thickness 
of coating ) strip is most suitable for pro- 
tection at the top of chimneys. Lead 
sheathing should be scaled at both ends 
and the sheathing should not be removed 
when making joints; 

b) PVG covering ( 1 mm thickness of coat- 
ing ) will protect copper, steel and alumini- 
um in many environments. Where insulat- 
ing coatings or coverings are used, due 
regard should be given to their durability 
and flammability. 

10.3 Although in the past it has been common 
practice to use material in the form of strip for 
horizontal air terminations, down conductors and 
bonds, it may sometimes be more convenient to 
use rod material, particularly as it facilitates the 
making of bends in any plane. 

Internal bonds are permitted to have approxi- 
mately half the cross-sectional area of external 
bonds. Flexible bonds may be used. 

Stainless steel in contact with aluminium or 
aluminium alloys is likely to cause additional 
corrosion to the latter materials, In these cases it 
is important to take protective measures such as 
using inhibitors. 
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dimttdtUc joint 

Betnlorc9d concrete 
«tructur« with perapot. 
9tona coping tnd 
non-conducting roof 



Reinfofced 
concrete structure, 
PVC coping with 
conducting roof 



Handrtils end 
reinforcing b^rC 




Deti» 

showing 

ltim4 



Key : I, 
2. 



H&ndmiU bond 
Reinfofciog^boQd 



3, Copisg hoM 

4* Noa* ferrous boediag pobt (buiU-in) 



Fio* 4 EsAMi^tss OP Am Termihations akd Down Gokduotori Usiho HAWDsiAiti, 
Metal Copinos awu RsmFoRomo 9a»8 
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Table 3 Lkt et Recommended Mftterifth fov Cempoiiettt Parte 

{Clause IQA) 



Mstedi&I 






Bdaterial 




Cuitings 

Leaded gunmetal 
Alumixaium alloy 

Bars end Rods 

Copp«r, hard drawn or enaeftled 
Copper-cadmiu m 
Phosphor bronze 
Naval braw 






Aluminium 
Aluminium alloy 
Aluminium steeUreinforced 
Galvanized steel 

Fixing Bolts at\d Screws for Copper 

Phosphor bronze 
Naval brass 
Copper silicon 




Copper wHcon 
Aluminium 






Fmng Bolts and Strews for Aluminium and 
Aluminium Alloys 




Galvanized steel 






Aluminium alloy 




Shift 






Stainless steel 
Galvanized steel 




Copper 

Aluminium and aluminium alloys 






Rivets for aluminium and aluminium alloy 
Rivets for copper 




Strip 

Copper, annealed 
Aluminium 






Stranded or Solid Conductors InsultUid 
Copper 




Galvanized steel 






Aluminium 




Strandid Conductors for Catenary Systems 






FUxible Conductors 




Hard drawn copper and copper cadmium 




Copper 




NOTE — Guidelines on the specific 
consideration. 


grade 


or type of each material suitable and their characteristic 


are under 



11 DIMENSIONS 

IIJ The component parts of lightning protective 
systems should have dimensions not less than those 
given in Tables 4 and 5 except in special case 
considered in 20A» In situations where inspection 
or repair is likely to be unusually difficult, con- 
sideration should be given to using a size bigger 
than the minimum given in Table 4. 

The nearest standard size should be used, provi- 
ded that the dimension is not appreciably smaller 
than that stated. 

12 COMPONENT FARTS 

12.0 The principal components of a lightning 
protective system are: 

a) air terminations, 

b) down conductors, 

c) joints and bonds, 

d) testing joints, 

e) earth terminations, and 

f ) earth electrodes. 

These arc dealt with in detail in 12*1, 12.2, 12.3 
and 12«4. Where necessary, the component parts 



are diagramatically shown in Fig. 5 to 27, and 
typical designs of various fixings are shown in 
Fig. 28 to 30. 

12 J Air Termismtlons 
12.M Basic Rules 

Air termination networks may consist of vertical 
or horizontal conductors or combinations of both 
( for example see Fig. 5 to 8 ). 

No part of the roof should be more than 9 m from 
the nearest horizontal protective conductor { see 
Notes under Fig. 6 ). 

All metallic projections, including reinforcement, 
on or above the main surface of the roof which 
arc connected, intentionally or fortuitously, to the 
general mass of the earth, should be bonded to, 
and form part of, the air termination network 
{ jrf^Fig.4, 11 and 12 ). 

Metallic coping, roof coverings, handrails ( see 13 ) 
and window washing equipment and metallic 
screens around play areas should be considered 
for inclusion as part of the air termination net- 
work ( see Fig. 4, 10 and 12 ). 
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20 X 3 


60*00 


10 dia 


78'54 


19/2-14 


7000 


19/2- 14 


70*00 



If portions of ^ structure vary comiderabiy in- be bonded 10 th« ^ddrWa coodoctors of the taller 
height, any necessary air terminations or air ter* pqr^lions in addition to their own down 
mination networks for the lower portions should ^nduct0rft« « 



Ts^ble 4 Miffiimism Dlmeaslosifi Gompoi&eat F&rts 
(aausiU.l) 



Cosaapofflsiil iMssttm^&ms Ares 

mm mm^ 

Air hrm inations 

Aluminium, copper azid galvanized ste^l «trip 

Aluminmra; alummium alloy or, phoiphor hrooze 
and g&lvanized ste«l rodi 

Suspended conductors 

StrAnded alumiaium 

Stranded copper 

Stranded aluminium/steel reinforced 

Stranded galvanized &teei 6/4*72 100*00 

Down conductors 

Alummium» copper or galvanized steel strip 

Aluminium, aluminium alloy galvanized iteel rods 

Earth ttrminations 

Hard-drawn copper rods for direct driving into soft 
ground 

Hard-drawn or annealed copper rods for indirect 
driving or laying under ground 

Phosphor bronze for hard ground 

Copper-clad or galvanized steel rods ( sa Notes 1 
and 2 for hard ground ) 

Fixed connection(s) in aluminium, aiuwinium alloy t coppeTt 
galvanized steel 

External 

Strip 

Rods 
Internal 

Strip 

Rods 
Stranded Jlexibli connection (bonds) 
External, aluminium 
Externa!, annealed copper 
Internal, aluminium 
Intermi), annealed copper 

NOTES 

1 For copper clad stee] rods the core should be of lovt/ carbon steel with a tensile strength 
of approximately 700 N/mm^. The cladding should be of 99*9 percent electrolytic copper 
moLecutarly bonded to the steel core. The radial width of the copper should not be lets than 
0*25 mm. 

2 Stranded conductors are not normal ly used for down conductors or earths. 
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20 X 3 


60*00 


10-0 dia 


78-54 


120 dia 


113*00 


lO'O dia 


78*54 


12*0 dia 


113*00 


lO'Odia 


78*54 



20 X 3 


60*00 


10*0 dia 


78-54 


20 X V5 


30*00 


6-5 dia 


33-00 


560/0*5 


70*00 


990/0*3 


70*00 


276/0*4 


35*00 


1 !07/0'2 


35-00 
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Tttbk 5 Misiimnm TUdmestf^s of Slieet 

Metal Used for Roofing 





( Ckus$ 


11 


.1) 




Mmietiml 






Mifilacittsa TSikit- 

mm 


Steel, gal vftoiased 
St&iulew steel 








0*5 
0'4 


Copper 
Abminbm mxd zinc 






0-3 
0-7 


Lead 








2-0 



NOTE •— These Bgurei are bated on comemporary 
building practice snd wtU be satiifactory where the 
r<K)f8 fofm pars of the lightning protecting system. 
However^ damage by way of puncturing may occur 
with a direct arc^onnected stroke ( set also 27.2.4 ), 



12.1.2 Forms of Air Termination 

In practice, very few of the many forms of struc- 
ture can be protected by any reasonable arrange- 
ment of single conductors. Kecommendations for 
various forms of air termination ( S€€ Fig. 4 ). 
Guidance on their application arc given 
in 12.1.2.1 to I2.1«2.5. Alflhough> for the sake of 
clarity, down conductors and earth terminations 
have been omitted from the figures, it should be 
understood that these should be provided as 
recommended in this Code, taking account, as 
necessary, of the architectural and structural 
features of the structure and of the site conditions. 

12*1*2.1 Simple vertical conductor{s) 

Figure 3A shows a simple vertical conductor and 
the zone of protection in plan and elevation. 

Figure 3B shows five vertical conductors with the 
incrcsiscd angle of protection available between 
them- The zones of protection for this arrange- 
ment arc illustrated in the general sketch. How- 
ever, it must be realised that although in suitable 
cases advantage may be taken of the increased 
protective zone» there can be no reality about the 
precise shape of the envelope, since this is only a 
statistical concept. 

I2«L2«2 Horizontal €onductor{$) for flat roofs 

Figure 3C shows a simple horizontal air termina- 
tion consisting of a roof conductor around the 
periphery of a rectangular building. The resulting 
zone protection is shown in plan and elevation. 

Figure 5 shows a typical arrangement for a struc- 
ture with a large area of fiat roof where I2.L1 
-strongly recommends the employment of a system 
•of horizontal roof conductors. The maximum 



spacing of 18 m is shown, this applies to structures 
without special inherent risk. 

12.1 *2.3 Structures with complex geometry 

Figures 6, 8 and 13 show the type of building 
formed by a large rectangular block with several 
abutting smaller blocks. The main block is pro- 
tected by a horizontal air termination consisting 
of a peripheral roof conductor, subsidiary roof 
conductors being used for the abutting buildings 
where these arc outside the zone of protection of 
the main structure. The additional structures 
shown on the roof of the main block are typical 
of tank rooms or plant rooms for lifts. These arc 
outside the protective zone of the main roof con- 
ductor and are shown individually protected by a 
peripheral conductor, in one case, and by a verti- 
cal conductor on the fiagmast in the other. In the 
latter case, the whole of the additional roof struc- 
ture falls within the protective cone of the vertical 
conductor. 

All elements of the lightning protective system arc 
to be bonded together as recommended in 12.2.9 
and 12,2a0. 

Figure 7 shows two examples of common profiles 
for roofs covering large areas. Horizontal air ter- 
minations arc shown consisting of ridge conduc- 
tors bounded at either end by conductors follow- 
ing the root profiles. 

12.1.2.4 Tiled roofs 

On non-conducting roofs the conductor is placed 
under the ridge tiles because of the difficulty of 
fixing it to the upper side of a tiled surface with- 
out impairing its waterproof properties. As it is 
the explosion pressure wave associated with a 
direct lightning strike which lifts roof coverings, 
from this point of view it is immaterial whether 
the conductor is mounted above or below the roof 
surface ( see Fig, 14 ). 

12.1.2.5 Simple structures with explosive hazards 

Figure 15 shows the type of installation primarily 
intended for simple structures with explosive 
hazards. It consists of two vertical conductors 
connected by a horizontal catenary wire. The 
zone of protection is shown in plan and elevation 
and reflects the effect of the sag in the catenary 
wire. 

12*2 Bowsk CoffidMCtors 

12.24 General 

The function of a down conductor is to provide a 
low impedance path from the air termination to 
the earth electrode so that the lightning current 
can be safely conducted to earth. 



17 



IS 2309 1 1989 




{a) Bsv^tkiti $howln^ protdctsve engit 



/ 



\ 



\ 



HC 



^ 



HC 



HC 



T 



HC 



\ 



20 m 



\ ZP 

<b) Plan $howir^9 zone of protection et ground level 
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Fio. 5 Am TEasiiNATiONs Foa a Flat Roof 



IS 



Ift2ao»il989 



-..-" 



Vi«w from 9 





•Join down conductors and horizontal 
Gondyetors on low«r pms^m* 



Section A-A 



DC 



DC 

=9= 



HC 



6m 



HC 



DC 



12 m 



6m 



•DC f 

ff 



12 m 



Perimeter « 24 + H + 12 + 12 « 72 m 

Number of down conductors required 
( S90 12.13 ) « 72/20 « 4. 



NOTES 

1 An air t«r mi nation along the outer perimeter of the roof is required and no part should be more than 5 m from 
the nearest horizontal conductor^ except th%t an additional 1 ro rosy be allowed fcr each metre by which the part 
to be protected is beJow the nearest conductor. 

2 Horizontal conductors are not necessary on the parapets of the light %ve]!; a zone of protection of 60** is provid- 
ed by the two adjacent horisontal conductors for structures }eti than 20 m high. This principle does not apply to 

*«atler structures, 

Fio» 6 Am TsBMiwATiON* por FtAT Roofs at Diffsrsnt Levsu 
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NOTES 

1 U S > \0 -^ 2 Hi additionai loDgitudinal conductors are required so that the distance between conductors does not 
exceed 10 m. 

2 If the length of the roof exceeds 20 m, additional trantverse conductors are required. 

3 Down conductors are omitted for clarity, 

Fio. 7 Air Terminations for Larqb Areas op Roof op Various Profiles 
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mimmm 




ApproK. roof 
mesh 9 m * 20 m 



(1» 



(2) 



(2) 



NOTE. Th9 prot«ctiv9 sngiA provk^ by th^ ridga conductor in oach caw is n foHows: 

figure (1 ) prot9ctlv« angle up to 4& ^; rtdge conductor is sufficient with connection to metftltic 9utier«; number of 

down conductort • 72/20 « 3.8 (wy 4); 

figure (2) protective-engle ovef.46 *; sir termination me»h <ma)cimum 10 m x 20 m\; ridge end eeve« conducton 

provide epproximst® roof meih m X 10 m; number of down conductor* - 40/20 • 2; 

fffiure <3) iltyfition es for figure <2I but meteKic gutters used in tiet» of eeves conductor; number of down conductors 

• 64/20- 3.2 {w 41. 

id) Air terminettotm an^ down conductort 




Conductor, strip, rod 
or metollic gutter 



PIdge conductor, 
fixed betow tile level 
(see detail) 



termination 




Detait 



K®^— Concfttled conductors • • - - 0*3 m high beta vdrtlcal rods ^. 
<b) Air tirmlnatlons belo\^ roof covering 

Fio* 8 AiBi Ts%MiNA<no»9S Am> CoHCiSAtSD Conductors ?or BmtDiNos 
Lias Than 20 m High with Sloping Roofs 
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QC 



DC 



DC14 



JL 



M 



10m 



^ 19^ ^ 



DC DC 

60 m 



^ 



DC 



30m 



QLJt 



K®y — 0*3 m high bar© vartlcal rods *. 

NOTE — Where PVG covered horizontal air terroBoation coaductots ay* used, bstf« vertical yod« 0*3 m high should 
be fixed at each intmection and at iuter medial© pceitiom aloag th« horizontal conductors spac«d ao more than 
10 m apart [ sa tO^(b) ]. 

Fio. 9A Air Terminations and Down Conductors for Flat Roof Buildings 
Where the Air Termination Conductoks Have a PVG Ovbrshbath 
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NOTE — The air termination network for a tall reinforced concrete or tteel framed structyr e should be ai follows: 

a) Horizontal conductors on roofi form a 10 m x 20 m network; 

b) There are bond* to ateelwork at comers* 20 m intervals around periphery. and at the bate of the tower, 0*5 m 
above roof level. 

Fro. 9B Air Tsrminations poii Tall GoNDUcrtHO Struoturbs 
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Boittd joint 
connection 2kM8 



NOTE — Mioimum dlm^ostons when & meUllic roof coveriog ii use^ m part tip^tho sir termioi^Son network &re as 
follows: 



Galvmli^ed ste^l 


0*5 mm 


Copper 


0*3 mm 


Aluminium 


0*7 mm 


Ziac 


07 mm 


Lead 


2*0 mm 



Fio. 10 Air TsRsimATioN for a Flat Roof Showino Connection to Standing Seam Jobnt 
When a Mstaluo Roof » Used as Part of the Am Termination Network 



In practice, dependiDg upon the fona of the 
buildings it is often necessary to have many down 
conductors in parallel, some or bII of which may 
be part of the building structure itself. For 
example* a steel framed building might need no 
addea down conductors, the framework itself 
providing an eflSdent natural network of many 
paths to earth; conversely a structure made enti- 
rely from non->conducting materials would need 
down conductors deployed according to its size 
and form. 



In brief, the down conductor system must, where 
practicable, be directly routed from the air termi- 
nation to the earth termination network, and be 
symmetrically placed around the outside walls of 
the structure starting from the corners, in all 
cases consideration to side flashing must always 
be given ( s$e 12JJ ), 

NOTE — It ihould b« noted that a steel framed etruc- 
ture built on a remforced concrete raft approaches 
the case of a Faraday cage. A reinforced concrete 
Structure it stmilar t6 a steel framed stnictiire in that 
they both provide a multipte lynem of down conductor. 
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•4" qoni 

15 %*<MMI-HHW ^@ 




*1 Air terminal 
*2 Air terminal bas« 
«3 Pot met&i fillmg 

4 Laad cov«r«d tape 

5 Coronal 

6 Coronal Urings 

7 Hand rail bond 

8 Bond to R. t 

9 Bond to platform 
10 Bond to ladder 



11 Bond to lift tliaa 

12 Down conductor 

13 DowQ conductor B^mgi 

14 Teit clamp 

15 Earth rod 

16 Earth rod clamp 

17 Aircraft waraSng lighu 

IS Gonii«ctioii to common earth 
19 Earth itrip 



^Alternative bond to a cast iron eap* , ^ 

LlOHTHXNO PrOTSCTJON SvSTftM — TaLL GHUdNEV WITH CONORSTS WlNDSHIBLO 

AND BuiCK Flues 



24 



Ig 2309 1 1989 




^yW 





Cast ifoo cap 



12 



Earth 



1 A)rt«rffn1nal 



2 Bod hol^ara 

3 Rod coupling 

4 Down conductor 

5 Horizonul conductor 

6 Twt joint 

7 Earth ttrmlnation 

8 Earth rod *A' clamp 



(2>= 



i 




9 Rod housing 



10 Conductor clip 

MOTE. Saa table 1 fo.- specingi. 

1 1 Coronal band 

12 Bond to cast iron cap as 
attamatlva to coronal ban<j til) 



a) Chlmnays leas than 1*5 m diameter b) 60 m brici? stack 
at top and 20 m high 

All dimamioaa In in«tre«, 
Fio. 12 Lightning PaoTECTioH System for a Brick Chimnby-Stagk 
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Earth termination 
ring conductor ^^^ 
belDitf ground 
level to improve 
eor thing 



Atr termlnotion bonded 
to steel reinforcing or 
steet frame of building 



Air fermmation on roof 




_>*^ 



Down conductors 
(In these cases 
steel reinforcing 
or steel frame 
of building) 



Bonds to lift shaf 
vertical interval 
exceeding 20m 




s 



8 



Gr@yn«| lev@i 



i 



Earth eiectrode ( see figure 4 ) 

NOTE — Air ternimation mesh should be not greater than 10 m X 20 m. Dowo conductors should be Dot moire than 10 m &part. 

Fio* 13 Lightning Protegtion System for Tall Buildings ( Over 20 m High ) Showing Air Terminations, Dowh Gonductors. 
Bonds to Projections Above Roof ( Including Bonds to Lift Motor Room and Lift Shaft ) 
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OtA 10mm ROD FIXED 
INTO TIMBER ROLL 



20 X 3mm STRIP 




Fio. 14 



ALTERNATIVE METHOD TO USING 
METALLIC COVERED RIDGE AS 
PART OF AIR TERMINATION NETWORK 

Am Terminations for Tiled Roofs 



Design requirements arc given below. 

12.2.2 Pattern of Down Conductors 

Various types of structures, with and without steel 

frames are illustrated in Fig. 16. Explanatory notes 

are given below: 

Figure 16(a) represents a steel framed building. 
No added down conductors are, therefore, 
required but earthing is essential in accord- 
ance with this code. 

Figure 16(b) shows a down conductor pattern 
where on the North, East and South sides, 
the upper floors arc cantilcvcrcd. 

Figure i 6(c) illustrates a pattern where a ball- 
room and/or swimming pool and terrace might 
be situated on the South and West sides. 

Figures 16(d), 16(e), 16(f) and 16(g) are of 
such shape as to permit all down conductors to 
be on the outside walls; care should be taken 
to avoid entrance and exit areas by appropriate 
choice of down conductor spacing taking 
account of the need to avoid dangerous voltage 
gradients along the ground surface ( see also 
21.5 and Fig. 17 ). 

I2.2«3 Recommended Mtmber 

The position and spacing of down conductors on 
large structures is often governed by architectural 
convenience, however, recommendations for their 
number arc given below; 

a) A structure having a base area not exceed- 
ing 100 ra^ need have only one down 
conductor, except when built on bare rock 
where specialist advice should be sought, or 
where access for testing is difficult. 



y For a structure having a base area cxceed- 
- ing 100 m*, the number of down conduc- 
tors should be at least the smaller of the 
following: 

1) one plus an additional one for each 
300 m», or a part thereof, in excess of 
the first 100 m*; and 

2) one for each 30 m of perimeter of the 
structure protected. 

12,2*4 Tall Structures Presenting Inspection Difficulties 

For tall structures, where testing and inspection 
could be difficult, consideration should be given 
to providing a means for the testing of continuity 
in the system. At least two down conductors will 
be required for such tests ( see Fig. 12 ). 

12.2.5 Routing 

A down conductor should follow the most 
direct path possible between the air terminal 
network and ithc earth termination network. 
Where more than one down conductor is used, 
the conductors should be arranged as evenly as 
practicable around the outside walls of the struc- 
ture ( see Fig. 16 ). 

In deciding the route, taking account of the above, 
the possibility should be considered of incorporat- 
ing structural steelwork, such as, stanchions, 
reinforcement, and any continuous and perman- 
ent metal parts of the structure suitably disposed 
for purposes of acting as a down conductor. 

The walls of light wells may be used for fixing 
down conductors but it is strongly advised that 
lift shafts should not be used for this purpose. 
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Mos» 
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Suspended air conductor 
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Sti f)Qf$ 1 



2m{mift,)s@t notes land! 



Prottct@d buildmg 
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\ Susptndtd '^ 

oir conductor 



Profected building 
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1 
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^^^ 



y 
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(c) Zosid of p?ot®ction 




^d^ ;E6a9 of pr9i^ti@«^ it mm 



2on« of pfoti$lloffi $t masiimtsm «$® 
of ^dcl conductor 



NOTES 

1 To prevent fi&tbover between msst/conductor and protected buildiog, the mioimism cJedrance dbtftsice has to 
be 2 m or as governed by 123.2, whichever is the greater. 

^ Thi« clearance has to be u above under maximufia sag conditioos, i.e« mow and Ice on the aerial conductor. 

Fio. 15 AiE Termination anb Zone ot PaoTKcnoN foe Simple SrouorukE with 

E3U»L03IVS OE HlOHt.t FtAIAMAtLl CoHTSNtS 
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NOTES 

1 The down conductor* may be natural ( parts of the building framework ) or added strip or rod on exteroalr 
faces {5« 11.2.2). 

% Oq structures exceeding 20 m in height, down conductors should be spaced at not more than 10 m apart 

Fio. 16 Patterns of Down Conductors (Natural or not ) for Various Forms 

OF Tall Building 
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V^ Pot»rtti«l of earth'i $urfiie9 wltt« 

respfict to ftmotf smh 
V^t Stfpvott«0@ 
g Earth ttrminetioft $9ictrode 




Without groding 
of potent-io 



Hon towtr Sf^ 
Mftth grading 
control ri»9i 



Insulated sheath to prevent 
human contact with structure 



/ 



Five mesh rin^s bonded 
to earth electrode 



T 

4H02m 



Ring electrodes of different 
diameter and depth buried 
in ground for controUVna 
ground voltage gradient 



\m 




4 k 1,5m to 4.5rti 

depending on location 

1^ ■ . I a 



0.6 m 



Fio. 17 VoLTAOB GRADiftNTg Alonq Ground SuRMCg NsAft TO Masts, Towsrs, Columns 
AND SmoLs Down Coni>octor8 on BuaoiNos 
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12.2,6 Us$ ofMr^orcmim in Concnt0 Simehins 

Details should be decided at the design stage, 
before building comtmctioa begins [ w 9 J*2(e) 
(12)]. 

i2«2«6*l EUctricd continuity 

The mftal bars of a reinforced concrete structure 
cast iri'^situ are occasionally welded, thus provid- 
ing definite electrical continuity. More frequently^ 
however, they are tied together by metal binding 
wire at crossing points but, despite the fortuitous 
nature of the metallic connection, the very large 
number of bars and crossing points of such a 
construction assures a substantial sub-division of 
the total lightning current into a multiplicity of 
parallel discharge paths. Experience shows that 
such a construction can be readily utilised as part 
of the lightning protective system* 

The following precautions are, however, recom- 
mended: 

a) Good contact between reinforcing bars to 
be ensured by fixing the bars with tying 
wire, and 

b) Ties should be provided for both vertical 
to vertical bars and horizontal to vertical 
bars. 

12.2.6.2 Electrolytic corrosion — Under considera- 
tion. 

12.2.$.3 Prestressed concrete msmbers 

It is not permitted to connect lightning protection 



conductors to prestressed concrete columns, bcam» 
or braces. 

12«2«6«4 Precast concrete members 

In the case of precast reinforced concrete columns, 
beams or braces, the reinforcement may be used 
as a conductor if the individual elements of rein- 
forcement are bonded together and electrical 
continuity is ensured. 

12t2.7 ExUmd Routes not Available 

Where the provision of suitable external routes 
for down conductors is impracticable or inadvi- 
sable, for example in buildings of cantilever cons- 
truction from the first floor upwards, down 
conductors should not follow the outside contours 
of the building. To do so would create a hazard 
to persons standing under the overhang. In such 
cases, down conductors may be housed in an air 
space provided by a non-metallic non-combustible 
internal duct and taken straight down to 
ground { see Fig, 18 ), 

Any suitable covered recess not smaller than 76 
mm X 13 mm or any suitable vertical service 
duct running the full height of the building may 
be used for this purpose provided it does not 
contain an unarmoured or non-metal-sheathed 
service cable. 

In cases where an unrestricted duct is used, seals 
at each floor level may be required for fire pro- 
tection. As far as possible, access to the interior 
of the duct should be available. 



v////y////////////////x 




Cross -stctionnl Grtonot 
less ^hart 76 mm « 13mfn 



NOTE — The fioo-combuatibla duct should have a twc^hour Hre fating, 

Fio/ 18 Down Conductor in Internal Duct 
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12.2.8 Sharp Bends and Ri'^ntrani Loops 

Practical reasons do not always allow the most 
direct route to be followed. Whilst sharp bends, 
such as arise at the edge of a roof are permissible, 
re-entrant loops in a conductor can produce high 
inductive voltage drops so that the lightning 
discharge may jump across the open side of the 
loop. As a rough guide, this risk may arise when 
the length of the conductor forming the loop 
exceeds 8 times the width of the open side of the 
loop { see Fig. 19 ). 

When large re-entrant loops as defined cannot be 
avoided, such as in the case of some cornices or 
parapets, the conductor should be arranged in 
such a way that the distance across the open side 
of a loop complies with the rule quoted. Alternati- 
vely, such cornices or parapets should be provided 
with holes through which the conductor can pass 
freely. 

12.2.9 Bonding to Prevent Side-Flashing 

Any metal in or forming part of the structure on 
any building services having metallic parts which 
by design or fortuitously are in contact with the 
general maua of the earth should be either 
isolated from or bonded to the down conductor 
( j«12,5). 

The same general recommendation applies to all 
exposed large metal items whether connected to 
earth or not, ( In this context a large item is 
considered as one having any single dimension 
greater than 2 m. ) Minor items such as door 
hinges, metal gutter brackets, reinforcement of 
small isolated beams may be disregarded. 

12.2.10 Bonds 
12,2.10.1 General 

Most parts of a lightning protective system are 
specifically designed to fit into an overall plan. 
Bonds, however, have to join a variety of metallic 
parts of different shapes and composition and 
cannot, therefore, be of standard form. Because of 
their varied use, there is the constant problem of 
corrosion and careful attention must be given to 
the metals involved, that is metal from which the 
bond is made and those of the items being 
bonded. 

I2.2.10»2 Mechanicol and electrical requirements 

A bond must be mechanically and electrically 
effective and protected from corrosion in and 
erosion by the operating environment. 

External metal on, or forming part of, a structure 
may have to discharge the full lightning current 
and its bond to the lightning protective system 



shoidd have a cross sectional area not less than 
that employed for the main conductors. On the 
other hand, internal metal is not nearly so 
vulnerable and its associated bonds are, at most, 
only likely to carry a proportion of the total 
lightning current, apart from their function of 
equalizing potentials. These latter bonds may, 
therefore, be smaller in cross-sectional area than 
those used for main conductors- 

12.2.10.3 Provision for bonding ofjuiufe equiprmnt 

In all buildings, at each floor level, provision 
should be made for bonding future machinery or 
equipment to the lightning protective system, 
such as by connection to metallic gas, water, 
drainage or similar services. Structures supporting 
overhead electric supply, telephone and other 
lines must not be bonded to a lightning protec- 
tive system without the permission of the appro- 
priate authority. 

12.2.10.4 JoinU 

Any joint other than welded represents a discon- 
tinuity in the current conducting system and is 
susceptible to variation and failure. Accordingly, 
the lightning protective system should have as 
few joints as possible. 

Joints should be mechanically and electrically 
effective, for example clamped, screwed, bolted, 
crimped, riveted or welded. With overlapping 
joints, the length of the overlap should not be 
less than 20 mm for all types of conductors. Con- 
tact surfaces should first be cleaned^ then inhibited 
from oxidation with a suitable non-corrosive 
compound. Joints of dissimilar metals should be 
protected against corrosion or erosion from the 
elements or the environment and should present 
an adequate contact area { see also Fig. 20, 21 and 
22). 

12.2,11 Test Points 

Each down conductor should be provided with a 
test clamp in such a position that, whilst not invit- 
ing unauthorized interference, it is convenient for 
use when testing. 

12.3 Earth Termlsmtioii Network 

12.3.1 Resistance To Earth 

An earth electrode should be connected to each 
down conductor. Each of these earths should have 
a resistance not exceeding the product given by 
10 Q multiplied by the numbre of earth electrodes 
to be provided. The whole of the lightning pro- 
tective system, including any ring earth, should 
have a combined resistance to eartknot exceeding 
10 Q without taking account of any bonding. 
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Exceeding %d 




{») Permitsibt9 arrsngement 



4b) Arrang«m«nt that 1% not ptrmittible 
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::>:^^^? 



Not 
permissible- 



|-i*— Permissible 



I 



(c( Permissible method of tsking conductor 
through a parapet welt 



(d) Routes for down conductors in a building 
with cantttevered upper *(oof$ 



Fio. 19 Rs-Entrant Loops 
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CROSS JOINT 

NOTE — All riveted joints should be prepared and 
made in accordance with 12.2.10.4 ( S4a Fig. 21 and 22 
for protection of joints. ) 

Fio. 20 Typical Jonrra 

The resistance to earth after the completion of 
bonding should be noted and used in all subse- 
quent testing ( see 12.3,4 and 24 ), 

If the value obtained for the whole of the lightn« 
ing protective systems exceeds 10 Q, a reduction 
can be achieved by extending or adding to the 
electrodes or by interconnecting the individual 
earth terminations of the down conductors by a 
conductor installed below ground, sometimes 
referred to as a ring conductor ( see Fig. 13 )* 

Buried ring conductors laid in the manner descri- 
bed above are considered to be an integral part 
of the earth termination network and shoula be 
taken into account when assessing the overall 
value of resistance to earth of the installation. 

12.3.2 Importance of Reducing Resistance to Earth 

A reduction of the resistance to earth to a value 
below 10 fl has the advantage of further reducing 
the potential gradient around the earth electrodes 
when discharging lightning current. It also further 
reduces the risk of side-flashing to metal in or on 
a structure ( see 1 2.2 J ). 

123,3 Common Network for All Services 

A common earth termination network is recom- 
mended for the lightning protective system and 
all other services. It should be in accordance with 
the recommendations of this code and should also 
comply with any regulations applicable to the 
services concerned. The resistance to earth 
should, in this case, be the lowest value required 
for any of the individual services { see IS 3043 : 
1987 ). 



NOTES 

1 The strips should be drilled at centres shown In th^ 
sketch. 

2 The 'mating' surfaces should be effectively wire 
brushed ( using a separate brush for each metal ) and 
treated with an inhibitor* 

$ The strips should then be joined using rivets. 

4 Protection of the joint can be provided by either: 

a) solvent cutback* tbixotropic corrosion preventa* 
tive, for mmg a 6lm or resilient matt petroleun^ 
wax; or 

b) Fast drying durable rubberized coating sprayed. 
aganaeroioK 

Fio. 21 Joint Protrction — Mbthop A 




DRILLING PATTERN 




a) The aluminiun and copper tapes should be drilled 
as shown in sketch above, 

b) The mating surface of the aluminium tape should 
be pretinned for a length of 200 mm. 

NOTE » A suitable method has been found to use 
Fry*» Alca *Z' solder and Kynal Flux or Grey and 
Martin's Amalgam AX4 Solder and Kymii Flux, 
all surplus Hux must be removed with warm water. 

c) The mating surface of the copper tape should be 
pretinned with a lead/tin solder and all surface Hux . 
removed. 

d) The tapes should be joined using 5 off rivets, and 
the joint reheated and solder fed from the top until 
any spaces are fiWtd; and normal lead/tin solder is 
suitable for filling. 

e) The joint should be wrapped for a length of 250 mm^ 
with 25 mm wide EPR tape. "" 

F«3. 22 Joint PaoTBorioN — Mithod B 
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.12.3.4 Isolation of Earth EUctrodis for Testing 

Earth electrodes should be capable of being isola- 
ted and a reference earth point should be provi« 
•<lcd for testing purposes, 

12,3*5 Structures on Rock 

A structure standing on rock should be provided 
with a ring conductor following the contour of 
the ground. If there is earth cover, it should be 
used. The ring should be installed under the 
foundation of a new structure. If there are objec- 
tions to these rcconamcndations, then at least two 
strip electrodes should be used or an earth termi- 
nation can usually be obtained by rock drilling 
and backfilling the hole with a conducting 
material before driving the rods. The diameter 
of the hole should be not less than 75 mm. Coke 
breeze or fly ash should not be used as backfilling 
material because of their corrosive nature. The 
Aralue of 10 CI for the resistance to earth is not 
applicable in this case. 

12.3.6 Railway Tracks 

The earthing of rails should be carried out at; 

a) the point of entry to, or from the structure; 

b) 75 m beyond the point of entry or exit in 
either direction, that is internally if it b 
an underground structure or externally if 
above ground; 

c) 150 m beyond the point of entry to, or 
exit from, the structure in the case of 
above ground lines; and 

d) every 75 m in underground installations. 

The same criteria would apply to surface lines on 
which a travelling crane or hoist was being used. 

12,3.7 Further explanatory notes are given in 27. 
12.4 Earth Electrodes 

12.4.1 General 

Before proceeding with a design, a decision on 
the form of earth electrode most suited to the 
physical nature of the soil as revealed by trial 
bore holes is necessary. 

Earth electrodes should consist of metal rods, 
tubes or strips, or a combination of these. 

12.4.2 Ground Conditions 

Where earth rods arc used, they should, except in 
rock ( see 123.5 ), be driven into virgin ground, 
not made-up or backfilled or where the ground is 
likely to dry out, seasonally, or due to heat from 
•boilers or plant. Coke breeze or fly ash should not 
be used as backfilling material because of their 
<orrosive nature. 



12.4.2.1 Earth electrode seal for use within a tank 
structure 

When earth terminations in built-up areas pass 
through a tank structure, a seal similar to that 
shown in Fig. 23 should be used. 

12.4.3 Earth Rods 

12«4,3.1 Location 

When earth rods are used, they should be driven 
into the ground beneath, or as close as practicable 
to, the structure and down conductor. The prac- 
tice of siting terminations 2'5 m to 3 m away from 
the building is unnecessary and uneconomical 
{see Fig. 24). Where ground conditions arc 
favourable for the use of rods in parallel, the 
reduction in earth resistance is small when the 
separation between the rods becomes less than 
their driven length. 

12.4.3.2 Electrical measurements during installation 

During the driving of the rods it is advisable to 
take measurements of the resistance to earth. By 
80 doing, an indication will be given of conditions 
under which it is highly unlikely that any further 
reduction in resistance will be obtained even if a 
greater length of rod is driven into the ground, 

12.4.3.3 Connections and indicating plates 

The connection between the down conductor and 
the rod should be accessible above ground or, if 
below ground, within an inspection box. 

Plates indicating the position and number of clec» 
trodes should be fitted above each test point. 

UAA Strips 

12.4.4.1 Fosiiion and form 

When strips arc used, they may be buried be- 
neath structure or laid in trenches at depths 
unlikely to be affected by seasonal drying out or 
agricultural operations ( see Fig. 24 ) . 

Strips should be disposed radially from the point 
of connection with a down conductor, the num- 
bers and lengths of strip required being as found 
necessary to give the desired resistance lo earth. 

If space restrictions demand the use of a parallel 
or grid formation of strips, the layout should be 
as in Fig. 24 where the distance between parallel 
strips should not be less than 3 m. 

12.4.4.2 Corrosion 

Because of the harmful corrosion which is likely 
to resuh, coke breeze should not be allowed to 
come in contact with copper electrodes and salt- 
ing of the ground in the vicinity of any earth 
electrode should not be practised. 
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Fio. 23 Example op an Earth Electrodb Sbal for Usb Within a Tanksd Struotgrc- 
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strips 

Te$t joint in 
dowfv conductor 
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*Buitdtng line 



Pldn «frdno«m«nt for singts tirip 
b(««ct9d by ck>wn conductor 



Extend qs necessary 






3m ffliiftJ 1 3m min. 
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♦ 



Building Itne 



A^ 



Down conductor 



Plan arrangement of strips In paralBat 
(contlnuoua heavy line) or grid formation 
(broken tine) 




External down 
conductor -^ 



Test |omt 



Pod electrode 



Section encj e'evetion of structure 



Poroltel electrode 



"single electrode 



Parallel electrode 




Plan arrangement 



0(m\ conductor 



a) Strip efeotrodes 



b) Single or multiple rod electrodea 



NOTES 

1 Whea it ii Qfccssary for part of ao earth terminatioa network to pass near or under a road or pathway, it should 
be buried not lew than 0*6 m below ground level, 

2 The electrical potential at ground level can be reduced by burying the rod or strip deeper. 

Fio. 24 Earth Tehminations; Arrangement op Earth Electrodes 
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12.5 Melal ia or on a Structure 

12.5.1 Gmtal 

When a lightning protective system is struck, its 
electrical potential with respect to earth is raised 
and, unless suitable precautions are taken, the 
discharge may seek alternative paths to earth by 
side-flashing to other metal in the structure. 

There are two different ways of preventing side- 
flashing, namely; 

a) isolation, and 

b) bonding. 

Isolation requires large clearances between the 
lightning protective system and other metal in the 
structure. Its main drawbacks lie in the difBculty 
of obtaining and maintaining the necessary safe 
clearances and in ensuring that isolated metal has 
no connection with the ground, such as through 
v^ater or other services. 

In general, isolation can only be practised in 
small dwelling houses and bonding is, therefore, 
the more commonly used method . 

12.5.2 Isolation 

12*5m2A Esiimation of clearances to prevent s side- 
f asking 

a) General — The necessary clearance to pre- 
vent side- flashing depends upon the voltage 
sustained by the lightning protective system 
with respect to earth, which in turn 
depends upon the strength of the current 
in the lightning flash. The procedure is 
given in (b), (c) and (d) below. 

b) Determination of current — To determine the 
current in the lightning flash, the following 
steps should be taken: 

i ) Estimate P — The risk of the structure 
being struck ( see 8.1,2 ). 

2) Divide the estimated risk, P, by the 
acceptable risk, Pq ( see 8.1,3 ). 

3} Decide from Fig. 25 the maximum 
cuficnt likely to occur. 

c) Voltage sustained by lightning protective sys- 
tein — This has two components; the pro- 
duct of the current and the resistance to 
earth and the product of the rate of change 
of current and the inductance of the down 
conductor. In the worst case, the simple 
addition of these two products gives the 
voltage which should then be used in cal- 
culations. 

d) Flashover distancejvoltage — Refer to Fig. 26 
and read off the flashover voltage against 
the spacing. 



I2.5.2.2 Example of calculation 

An example is given below of the calculation 
necessary to decide whether to bond metalwork 
to a lightning protective system: 

Given — A cast steel down -pipe is positioned 
2 m from the down conductor of the lightning 
protective system fitted to a block of fiats 15 m 
high situated in a region of high lightning 
activity, having 1-2 fiashes/km^/year. The 
block of fiats is 40 m x 20 m on plan. 

Assumptions — Assume that the acceptable risk,. 
Pq, is I X iO-ft, that the resistance of the 
earth termination will be 10 Q and that the 
number of down conductors is four. 

Question — Should the down- pipe, which has a 
maximum height of 12 m, be bonded to the 
lightning protective system ? 

Procedure — The plan, of the collection area 
follows: I = 40 m, W ^ 20m and H ^ 15 m- 

Collection area A 

-(LxPK)+2 {L^H)+2{WxH)+itHK 

-(40x20)-)-2(40xl5) + 2(20xl5)-h:rxl5* 

...(2) 



«.8004- 1200+600+707 
3 307 m> (say 3 300 m*) 



Probability of being struck^ P 

==1-2x3 300xio-«/year 

«3'96xl0-a (say 4xl0""» 
or once in 250 years) 



...(3) 



...(4) 



Acceptable risk, Pq -— This has been given as- 
1x10"-^ 

Which current to use ( see Fig. 25 ). 

P/Fo = (4x l,0-3)/lx I0"6:=4x 10»=:400A ...(5) 

Because P is greater than 100 Po, assume that the 
maximum lightning current ot 200 kA will be 
achieved. (For small values of/*o, the current 
will be 100 logxo PjPo as shown plotted in 
Fig. 25. ) 

Voltage between lightning protective system and earthed 
down-pipe at a height of 12 m 



V^ Kb, + Fl 



...(6) 



where 



pRe is the voltage drop due to the resistance 
to earth, and 

Vh is the voltage drop due to the inductance 
of the down conductor. 
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There are four down conductors and, assuming 
that the current is divided equally among ihcm» 
•then the effective current is 2CK)/4 »> 50 kA in 
•each conductor* 



FRe = 50 X 10 =« 500 kV 



..,(7) 



Fl «» rate of change of current ( kA/^s ) 
( see Note 1 ) x height ( m ) of down- 
pipe X inductance of down conductor 
in /iH/m ( see Note 2 ). 

NOTES 

1 For a typical wavefrost, the maximum rate of 
change of strike cunent i» roughly 0*6 x /peak* so that 
for a current of 50 kA the rate of change of cutrent 

«30kA//ts«3 X lO^A/s. 

2 The inductance of a typical down conductor is taken 
as r5 |iH/m. 

Fx, sa ( rate of change of current ) x ( length 
of conductor ) x ( jiiH/m ) kV 



30 x 12 x 1-5 
540 kV 



...(8) 



Therefore V^^ + F^ « 500 + 540 = 1 040 kV 

...(9) 

Flcshovtr distance — Look up the flashovcr dis- 
tance for the above voltage in Fig. 26, This dis- 
tance is found to be 2*2 m and, therefore, because 
the physical clearance is only 2 m, bonding should 
be employed, 

12.5.3 Conditions Where Bonding is Needed 

In bonding adjacent mctalwork to the lightning 
protective system, careful consideration should 
always be given to the possible effects such bond- 
ing might have upon metalwork which has been 
cathodicaliy protected. The following points 
should be taken into account: 

a) Where a structure contains electrically 
continuous metal ( for example a roof, wall, 
floor, me tai cladding or curtain wailing), 
this metal may be used as a component of 
the lightning protective system provided 
that the amount and arrangement of the 
metal render it suitable for use as recom- 
mended in 12*1 to 22 A 

b) Where a structure is simply a continuous 
metal frame, it requires no air termination 
or down conductor. It is sufficient to 
enstire that the conducting path is electri- 
cally and mechanically continuous and 
that the requirements of the code in respect 
of the connection to the general mass of 
the earth arc met. 



c) A reinforced concrete structure or a rein* 
forced concrete framed structure may have 
sufficiently low inherent resistance to earth 
to provide protection against lightning and, 
if connections are brought out from the 
reinforcement at their highest points during 
construction a test may be made to verify 
this on completion of the structure ( see 
Fig. 4 ). 

If the resistance to earth of the steel frame 
of the structure of the reinforcement of a 
reinforced concrete structure is found to be 
satisfactory, a horizontal air termination 
should be installed at the top and bonded 
to the steel frame or to the reinforcement 
( in the particular case of water cooling 
towers, it is not normal to fit an air 
termination. Where regular inspection is 
not possible, it is recommended that a 
corrosion resistant material be used for 
bonding to the steel or to the reinforcement 
and that this be brought out for connection 
to the air termination. Down conductors 
and earth terminations should, of course^ 
be provided if the inherent resistance of 
the structure is found to be unsatisfactory 
when tested ( see 12,3.1 ) . 

d) Where metal exists in a structure and it 
cannot be bonded into a continuous con- 
ducting network, and which is not or 
cannot be equipped with external earthing 
connections, its presence should be disre- 
garded. The danger inseparable from the 
presence of such metal can be minimized 
by keeping it entirely isolated from the 
lightning protective system; due considera- 
tion must be given to the recommendations 
of 12.5. 

c) Where the roof structure is wholly or pardy 
covered by metal, care should be taken 
that such metal is provided with a conti- 
nuous conducting path to earth. 

f) In any structure, metal which is attached 
to the outer surface or projects through a 
waD or roof and has insufficient clearance 
from the lightning protective system, and 
is unsuitable for use as part of it, should 
preferably be bonded as directly as possible 
to the lightning protective system. If the 
metal runs close to an air termination 
network, for example water mains to 
storage tanks on roofs, cables, pipes, 
gutters, rainwater pipes, stairways, and 
runs approximately parallel to a down 
conductor or bond, it should be bonded at 
each end, but not below the test point. If 
the metal is in discontinuous lengths, each 
portion should be bonded to the lightning 
protective system; alternatively, where the 
clearances permit, the presence of the 
metal may be disregarded, 
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Fm. 26 Cimv® FOR Dstsrmination of the Flashover Voltaos in Air as a 

FONGTIOIS OF SfACINO 



-g) Masses of m€tal !in a building, such as a 
bcU-frame in a church tower, ail clamped 
apparatus, equipment, which is connected 
to, or in contact with the mains water or 
electrical supplies^ and/or which is itself 
earthed, if only by reason of the relevant 
code for electrical installations { see IS 732 : 
1989 ) should be bonded to the nearest 
down conductor by the most direct route 
available. 

h) Metal entering or leaving a structure in 
the form of sheathing, armouring or piping 
for electric, gas, water, rain, steam, com- 
pressed air, or any other service should be 
bonded as directly as possible to the earth 
termination. This should be done near to 
the point at which the service enters or 
leaves the structure. 



No precise recommendations can be made 
because of the large variation in system 
designs. However, it should be noted that 
problems may arise where pipes/cables are 
protected with thermal or electrical insula- 
tion. In such cases bonding should be 
made to the nearest point where the 
metallic part of the pipe/cable becomes 
exposed. The bond should then be taken 
by as direct a route as practicable to the 
lightning earth outside the building. 

This is more likely to apply in an insulated 
building to which the services are connect- 
ed. However, where the building is 
surrounded by steel-work carrying an 
interconnected array of pipework, this in 
itself may well be a suitable point to which 
the earth connection should be made* 
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On the quesdon of electricity supplies, tlie 
advent of GN£ (Combined Neutral Earth) 
cabl^ introduces problems whereby a fault 
in the neutral could result in the load 
current rcmming by way of the earth 
electrode. This would endanger anyone 
breaking the earth electrode circuit to 
make test measurements. 

A typical system is shown in Fig. 27. 

As a general rule, each system should be 
assessed on its merits and discussed with 
the authorities concerned. 

j ) Lift installation metal work, together with 
all extended meul components on the 
inside and outside of a lift shaft, including 
ladders and handrails, must be bonded to 
the lightning conductor and to adjacent 
structural steel work ( the steel frame or 
reinforcement ), not only at the top and 
bottom of the lift shaft but at regular 
vertical intervals not exceeding 15 m ( ui 
Fig. 13). 



13 COSROSHSN 
13.1 O^ii^grftl 

Where corrosion due to atmospheric, chemicaJ^ 
electrolytic, or other causes is likely to impair 
any part of the lightning protective system, 
suitable precautions should be taken to prevent 
its occurrence. 

I3«2 Eketrolytic C^rroei^ii B^w@ra Dksl* 
milsr Mttak 

The contact of dissimilar metals, unless the con- 
tact surfaces are kept completely dry and pro- 
tected against the ingress of moisture, is likely to 
initiate and accelerate corrosion, 

Dissimilar metal contacts can exist where a con- 
ductor is held by fixing devices or against 
estcrnaJ metal surfaces. Corrosion can arise also 
where water passing over one metal comes into 
contact with another. Run-off water from copper, 
alloys, and lead can attack aluminium alloys 
and zinc. The metal of the lightning protective 
system should be compatible with the metal or 
metab used externally on the structure over 
which the system passes or with wMch it may 
make contact. 



External down 
conductor 

For covify WQlis 
providf sealed tube^ 

Test joint 
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Fio. 27 Diagram Showing Bonding to Sekviob* ( Gas, Watbramd Elkotricity ) 
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1SIOTES 

I Lightning conductor Bxinga should be purpose-made for each si2e of»trip; diminston « in Bgure (e) should be 
equal to the thicknest of the strip and ^ should be equal to the width plus 1*3 mm (for expansion)* Conductora of 
circular <ec?ion should be similarly treated. 

:2 All fisinp should be securely attached to the structure; moitar joints should not be used. 
Fio, 28 TYFiOAt Dbsson for Lsohtniwo Conductor FmNos 
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13.3 Chemical Gorroilosi of Aliamiodliim 
Near Portland Cement, Mortar Mlx€)6» «tc 

For a variety of reasons, aluminium is prone to 
corrosion when in contact with Portland cement 
and mortar mixes. For guidance on how to avoid 
this problem, the following recommendations on 
installation techniques are made: 

a) Aluminium conductors should always 
stand off from any surface, pariiculariy 
horizontal ones. This should avoid the 
conductors lying in water or being held in 
contact with corrosive materials, such as 
old mortar, etc. Suitable fixings arc shown 
in Fig. 29. 

b) Conductors should not be positioned where 
they could become covered with debris, 
such as leaves, etc, or buried by soil. This 
should avoid the *poulticc problem' where 
any electrolyte tends to be held in conti- 
nuous contact with the conductor, 

c) The design of the clearing system should 
incorporate some form of drip-ring. This 
should help to prevent electrolyte, running 



off surfaces, being able to reach the con- 
ductor and run down it 

d) Where the above requirements cannot be 
satisBed, the conductor should be protec- 
ted as recommended in 10 and considera- 
tion given to increasing its section, 

13.4 Chemical CorrofiloM of Copper 

Although copper is highly resistant to many types- 
of chemical attack, lead coating is recommended 
where it is subject to severe corrosion from 
sulphur compounds. This is particularly the case 
where the location is inaccessible, for example 
at the tops of chimneys. The coating should be 
applied over the whole area likely to be under 
corrosive attack and should not be removed at 
joints. Insulating coatings which are not perma- 
nent or which are flammable arc inadvisable. 
Fittings should be resisunt to the corrosive 
agencies or be otherwise suitably protected. 
Joints and bonds may be protected with bitumen 
or embedded in plastic compound according to* 
the local conditions ( s$e also 10 and 12«2.4 ), 







NOTE — Corrosion inhibitor to b« used on all joints and bonds. 

Fio. 29 Test JoiwTf 
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SECTION 3 PROTECTION OP SPECIAL STRUCTURES 



14 STRUCTURES EXCEEDING 30 m IN 

HEIGHT 

I4a Noa-coBjdwctlag Stiniictfflrc& 

On a non-conduciing structure, for example, a 

church spire, other than those chimneys which 

are very high compared with their breadth, a 

single down conductor is adequate provided thai 

the air termination gives the desired zone of 

protection. 

A non-conducting chimney of which the overall 
width of the top exceeds 1*5 m should have at 
least two cqually-a paced down conductors, bon- 
ded by a metal cap or by a conductor around the 
top of the chimney ( se$ Fig. 12 )* 

14.2 Condnctiitf Stttsctures 

The recommendations in the second paragraph 
of i 2.5.3(c) are equally applicable to tail con- 
ducting structures but, where down conductors 
arc needed, not less than two should be installed 
and these should be spaced at not more than 15 m 
apart around the perimeter, 

14.3 All Types of Structure 

Both non-conducting and conducting structures 
which are supported by stay-wires should be 
deah with as described in 14.1 and 14.2 but, in 
addition, the upper ends of the stay-wires should 
be bonded to the lightning protective system and 
the lower ends earthed. 

14.4 Further guidance can be had from 27.2, 

15 STRUCTURES WITH ROOFS OF HIGH 
FLAMMABILITY 

15 J Air Termlsaatioisi 

On structures having roofs of straw, reed, grass, 
or other highly combustible material, a suspended 
air termination with a clearance of at least 0'3 m 
to the roof may be suspended from non-conduct- 
ing and non-combustible supports or, alterna- 
tively, the air termination conductor may be 
laid on a hardwood strip 75 mm wide. Where 
wire netting is used to protect thatch and 
similarly-constructed roofs against wind and 
birds, it should not form part of the lightning 
protective system. 

15.2 Condu€te»rs aM Bonds 

Conductors or bonds which unavoidably penetrate 
the roofing material should be taken through non- 
conducting and non-combustible sleeves. 

16 BUILDINGS WITH EXPLOSIVE OR 
HIGHLY FLAMMABLE CONTENTS 

I6a Cesser ftl 

Problems arising in the provision of lightning 



protective systems for these structures arc prefer- 
ably dealt with by specialists conversant with any 
relevant Statutory Regulations and codes of 
practice. 

An acceptable risk may be present when the 
quantity of dangerous material is strictly limited, 
as in a laboratory or small store, or where the 
structure is sited in an isolated position or specifi- 
cally designed to restrict the effects of a catas- 
trophe. Circumstances may also arise in which 
the dangerous materials arc not exposed but are 
completely encased in metal of an adequate 
thickness. Under these conditions, lightning 
protection may not be required at all. In other 
situations, the risk to life and property may be so 
patently obvious that the provision of every means 
possible for protection from the consequences of a 
lightning discharge is essential. Accordingly, 
recommendations for such cases are set out in 
this clause and arc applicable to structures in 
which explosive or highly'- flammable solids, 
liquids, gases, vapours, or dusts are manufactured, 
stored or used, or in which highly-flammable or 
explosive gases, vapoiu's or dusts may accumulate. 

16.2 Proteetive Metliodb 

16.2.1 Suspended Air Tsrminations 
An air termination network should be suspended 
at an adequate height above the area to be 
protected. If one horizontal conductor only is 
used, the protective angle adopted should not 
exceed 30** ( see Fig. 15 ). If two or more parallel 
horizontal conductors are installed, the protective 
angle to be applied may be as much as 45** within 
the space bounded by those conductors, but it 
should not exceed 30^ outside that space ( see 
Fig. 31 ). The heights of the horizontal con- 
ducior(s) should be chosen according to the 
recommendations of 12.5.2; in cases of doubt, 
expert advice should be sought. The supports of 
the network should be adequately earthed. 

Alternatively, where the expense of the preceding 
method would be unjustified, and where no risk 
would be involved in discharging the lightning 
current over the surface of the structure to be 
protected, cither of the following arrangements 
would be suitable: 

a) A suspended air termination as shown in 
Fig, 28, but where protection angles are 
deemed to be 45** instead of 30^, and 60** 
instead of 45**. 

b) A network of horizonul conductors with a 
mesh between 3 m and 7-5 m, according to 
the risk, should be fixed to the roof of the 
structure ( see Fig. 32 ). ^ 

NOTE - Each sepftratc structure protected in thU 
»henKfttlv« w&y should b« «<|uipp«a with twice the 
Qumbi^ of dowik eoaducton recomm«SBd«d m I2<4» 
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NOTES 

1 Where two or more suspended borizomat coaductors Mt employed, a protective angle of 45^ may be used in the 
space bounded by the conductors. Elsewhere the prottctive angle is Hmited to 30^, 

2 To prevent Bathover between mast/conductor and protected buildings the minimum clearance distance has to 
be 2 m or as governed by i3«5J2, whichever is the greater. This clearance has to be as above under niaximum sag 
conditions, i.e. snow and ice on aerial conductor. 

Flo* 31 Air Tbruination with Twin Suspended Horizontal Conductors and Zons of 

PROTKOTION FOR StRUOTURS WITH ExPtOSIVB OR HzOHLY TtAUUABhIi CoNTBNTS 
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Sift max. 



Roof conductor 



10 m max. 



0.1m 

(typically) 




Roof m«$h 
conductor 



<^ 



0.1 B^ 



NOTES 

1 The horizontal conductor mesh size shoakl be 5 m X 10 m or smaller^ according to the risk. 

2 For clarity down cofiductort are omitted. 
♦Represent* a bond to roof steelwork. . 

Fio. 32 Am Termination Network with Hosizoktal Conductors for Structure with 
Explosive or HroHLY Flammable Contents 



16.2.2 Veriicd Conductors 

A structure or a group of structures of small 
horizontal dimensions may be protected by one or 
more vertical lightning conductors. If one lightn- 
ing conductor is used, the protective angle 
adopted should not exceed 30*, If two or more 
lightning conductors are installed, the protective 
angle to be used may be 45* within the space 
bounded by the conductors, but it must not 
exceed 30* outside that space. Examples of this 
method of protection arc illustrated in Fig. 33. 

16*2.3 Fmidly Buried or Buried Structures 

I6,2.3«l A structure which is partially buried or 
mounded would be protected in a similar manner 
to a structure standing above ground. 

16.2.3.2 A structure which is wholly below 
ground and which is not connected to any service 
above ground can be protected by an air termina- 
tion network as in 1&2«3J, complete with its 
earth termination network. The impulse break- 
down strength of the soil can be taken into 



account when determining the risk of 6a&hover 
from the protective system to the structure to be 
protected, including its services. Where the depth 
of burying is adequate, the air termination 
network may be replaced by a network of car- 
thing strips arranged on the surface in accordance 
with expert advice. Where this method is adopted, 
the bonding recommendations ( se$ 1$,2»4, 16.2.5 
and 16.2J ) for metal in, or metal conductors 
entering the structure, should be ignored. 

16.2.4 Ring Conductors 

The earth terminations of each lightning pro- 
tective system should be interconnected by a ring 
conductor. This ring conductor should preferably 
be buried to a depth of at least 0*5 m unless other 
considerations, such as the need for bonding other 
objects to it or testing, make it desirable to leave 
it exposed. The ring conductor should be connec- 
ted to the ring conductors of the neighbouring 
structures. *^ 

16^9 Mtiid m&rm4ka Siru£iur$ 
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16,2.5.1 All major metal forming part of the 
structure* including continuous metal reinforce- 
ment and services, should be bonded together and 
connected to the lightning protective system. 
Such connections should be made in at least two 
places ( see Fig. 9 ) and should, wherever possible, 
be equally spaced around the perimeter of the 
structure at intervals not exceeding 15 m. 

1&2*5.2 Metal work inside the structure should be 
bonded to the lightning protective system, 

16,2*6 EUdmal Conductors Eniemg a Structure 

16,2«6.I Electrical conductors entering a structure 
of this category should be metal-cased. This metal 
casing should be electrically continuous within 
the structure; it should be earthed at the point of 
«cntry inside the structure on the user's side of the 



service and bonded directly to the lightning 
protective system («# Fig* 27 ), The agreement 
of the operating authority or owner of the cables 
to the proposed bonding arrangements should be 
obtained, 

I6«2.6*2 Where the electrical conductors are 
connected to an overhead electricity supply line, 
a 15 m length of buried armoured cable should 
be inserted between the overhead line and the 
point of entry to the structure {see Fig. 34). 
Attention should be given to any Statutory 
Regulations and Codes of Practice which are 
applicable ( see<ils0M ). 

NOTE — Overhead supply lines are li&ble to hav« 
large turgefl ioduced in them from Itghtoistg discbarget. 
Some form of surge suppresiion f», therefore, needed 
wbere they join the burled cable. This will allow a 
Urge part of the Itghtnistg current to be ditcharged to 
earth at a fafe dbtaoce from the structure. 



Protected building 
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la) Ei9V9ttQn 



Pfottcted building 
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Jest joint 
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Buritd conductor 
(b) Plan 
Fio» 33 ViftTiOAL Am Termination f^r PROTicmoN of Explosives Stores 

49 



IS 2309 1 1989 



Surge crrestors 




y 



To ring conductor 




Power input 



Buried armoured coble 15 m long 
' between overhead line and 
structure 



Fio. 34 Exceptional Protiotion Against Overvoltaoes Indugbd by Lightning tn Incoming 
Supplies to Buildings with Explosive or Highly Flammable Contents 



16.2«7 ?xp€i^ Rails, €tCy Entering a StrucHtre 

With the exception of ONE cables, metallic pipes, 
electrical conductor sheaths, steel ropes, rails, 
railway tracks, or guides not in continuous electri- 
cal contact with the earth, which enter a structure 
of this kind should be bonded to the lightning 
protective system. They should be earthed at the 
point of entry outside the structure and at two 
further points, one about 75 m away and one a 
further 75 m away. 

I6,2«8 Adit or Shaft Entrance to Structures 

For a buried structure or underground excavation 
to which access is obtained by an adit or shaft, the 
recommendations in 16«2«7 as regards extra ear- 
thing should be followed for the adit or shaft at 
intervals not exceeding 75 m within as well as 
outside the structure. "** 

16.2*9 Fences, Retaining WcUls, etc ( see also 17 ) 



The metal uprights, components and wires of all 
fences, and of retaining walls within 2 m of the 
structure, should be connected in such a way as 
to provide continuous metallic connection between 
them and the lightning protective system, 

16.2a0 VenU 

The vents of any tanks containing flammable gas 
or liquid and exhaust stacks from process plants 
emitting flammable vapours or dusts should either 
be of non-conducting material or be fitted with 
flametrapi. 

16*241 Danger from Tall Components on or Xear 
High Risk Structures 

Structures of this category should n^t be equipped 
with tall components such as spl^^es and flagmasta 
or radio aerials on the structure or within 50 m 
of the structure. The clearanca applies also to the 
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planting of new trees, but structures near existing 
trees should be treated in accordance with the 
recommendations of 18. 

i6.2»12 Safe Testing 

Testing should be carried out in accordance with 
the recommendations of 23 and the test equip- 
ment should be of a type which is intrinsically 
safe for the particular hazard. 

17 FENCES 

17.1 Nature of Daager 

If an extended metal fence is struck, the length 
between the point of strike and the nearest earth 
termination is raised momentarily to a high 
potential relative to that of the earth. Person or 
livestock in close proximity to, or in contact with 
such fencing at the time of a lightning discharge 
to the fencmg may, therefore, be exposed to 
danger. It is desirable, therefore, to earth the fence 
via earth electrodes at intervals in order to dis- 
charge the lightning as effectively as possible. 

Ideally, the continuity of the fence should be 
broken by gaps along its length filled with insulat- 
ing sections. This would help to restrict the effect 
of the lightning strike to the particular section 
struck. However, where fences are primarily used 
for security reasons, the inclusion of insulating 
sections raises other problems. 

Recommendations arc made below, 

17.2 ProtectioQ of Livestock in Fields 

17.2.1 General 

The loss of livestock by lightning during thun- 
derstorms is due mainly to herds congregating 
under trees in open fields or drifting against 
unearthed wire fences and receiving a discharge 
sufficient to kill them. Whereas the nature of the 
exposure of livestock in fields is such that it is not 
possible to eliminate the hazard entirely, the 
taking of the following precautions will reduce the 
hazard to some extent. 

17.2*2 Earthing 

Where fences are constructed of metal uprights 
and continuous electrically conducting wires, for 
example, barbed wire, strained wires, chain link, 
each continuous wire should be bonded to the 
metal uprights at intervals. In cases where wooden 
or concrete posts are used, bonding should be to 
earth electrodes, for example, driven rods. 

The intervals between bonding should not exceed 
150 m where the soil is permanently wet and 
should be reduced to 75 m in dry soil. 



17.2.3 Instdaied Gaps 

The continuity of the metal fence should be 
broken at intervals not exceeding 300 m by 
wooden gates or by gaps not less than 600 mm 
wide closed by sections of non« conducting 
material, 

NOTE — The ua« of plastic covered cfeaia link fencing: 
is not recommended for such closing sections. 

The earth termination of the fence at such a gap- 
should be at least B m away from either side of 
the gap. 



I7«3 Fences Siarrovmdiaig Str^cture^ 
tmiuing Flammable Liquids or Gas®« 

17.3.1 Earthing of All Mtial Finos 



Cora- 



Where fences which surround hazardous locations- 
arc of the all-metal type, no particular problems- 
arise, and they can be earthed as described 
in 17*2,2, but at intervals not exceeding 75 m. 

17.3.2 Earthing of Plastic-Coated Fences 

Much of the fencing in current use is of the 
plastic-coated closc-meah steel wire type. 

The plastic coating provides weather protection 
and breaking through it in order to earth the 
metal would increase the risk of corrosion and is 
not, therefore, recommended, 

Thb type of fencing, however, normally carries a 
run of barbed wire at high level. It is recom- 
mended that this wire should be earthed at inter- 
vals not exceeding 75 m in order to act as an air 
termination for the protection of the fence. 

17J.3 Insulated Gaps 

Because these fences are primarily for security 
purposes, insulated gaps may breach seturity 
requirements and arc, therefore, not recommended. 
Where the security fence separates grazing land 
from a hazardous or high security area, a balance 
must be struck between the attendant risks m 
each case. 

18 TREES AND STRUCTUEES NEAR TREES 

18,1 The protection of trees against the effects 
of lightning need be considered only where the 
preservation of the tree is especially desirable 
because of its historical, botanical, environmental 
or other similar value. For such cases the follow- 
ing recommendations arc made: 

a) A main down conductor should be run 
from the topmost part of the main stem to 
the earth termination shouM be protected 
against mechanical damage at ground 
level. 
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h) Large upper branches should be provided 
with branch conductors bonded to the 
main conductor. 

c) Conductors so used should be stranded and, 
if copper, should be insulated so as not to 
poison the tree. The total cross-sectional 

.area should not be less than 70 mm* for 
copper and aluminium. No precise sizes 
are given because this causes problems of 
availability. The important point is that 
the conductors should be flexible. 

d) In the fixing of the conductors, allowance 
should be made for swaying in the wind 
and the natural growth of the tree. 

^) The recommendations of 12»2.7 need not 
be taken into account. 

f) The earth termination should consist of 
two rods driven into the ground on opposite 
sides of, and close to, the trunk of 
the tree. A strip conductor should be 
buried encircling the roots of the tree at a 
minimum distance of 8 m radius from the 
centre of the tree or at a distance of not 
less than 600 mm beyond the spread of 
the foliage, whichever is the greater. This 
conductor should also be bonded to the 
rods by two radial conductors. The earth 
termination and resistance should satisfy 
the recommendations of 12.3, 

g) Where two or more trees are so close toge- 
ther that their encircling earth conductors 
would intercept, one conductor adequately 
connected to the earth rods should be 
buried so as to surround the roots of all the 
trees. 

h) Where an isolated tree stands close to a 
structure, its presence can be disregarded 
if its height docs not exceed that of the 
structure. If the tree is taller than the 
structure, the following clearances between 
the structure and the tallest part of the tree 
may be considered as aafc: 

1 ) For normal structures, half the height of 
the structure; and 

2) For structures for explosive or highly 
flammable contents, the height of the 
structure. 

18.2 If these clearances cannot be ensured, the 
extent of the risks involved should be considered. 
To reduce the risks to the minimum, when the 
tree is to remain, the structure would have to be 
protected in accordance with the reconimend- 
ations of this Code and the air termination or 
down conductor should be arranged so as to pass 
as close as possible to the nearest part of the tree. 



NOTE — When a trpe is Uft uuprotfcifd, s Jightning 
current dischargfd into it can be conducted over 
distances of manv Uns of metres, along or juat under 
the surface of the ground in order to6nd a good con- 
ductor, for example, a water or gas pipe, electricity 
cable» or the lightning protective earth of building. 

18,3 Further guidance can be had from 27,3. 

19 STRUCTURES SUPPORTING 
OVERHEAD ELECTRICITY SUPPLY, 
TELEPHONE AND OTHER LINES 

19.1 If any overhead electricity supply lines, 
teiegraph or telephone wires or radio and televi- 
sion rtlay service on metal supports fixed to 
structures, the supports should where practicable 
be earthed and also bonded to a lightning protec- 
tive system. 

19.2 On structures at which service supply lines 
terminate, a surge protective device should be 
connected between the electricity conductor or 
conductors and an earthed point. 

Permission for these measures should be sought 
from the owners of the lines. 

20 STRUCTURES WITH RADIO AND 
TELEVISION AERIALS 

20.1 Indoor Aerisils in Protected Structtires 

Structures protected against lightning in accord- 
ance with the recommendations of this Code may 
be equipped with indoor radio and television 
receiver aerials without further precautions, provi- 
ded the clearance between the aerial system, 
including the down Jcads or feeders, and the 
external lightning protective system accords with 
the vahics given in 12-5. 

20.2 Outdoor AerxaJs on Protected 
Structures 

Stiucturcs protected against lightning in accord- 
ance with the recommendations of this Code may 
be equipped with outdoor radio and television 
aerials without further precautions, provided that 
every part of the aerial system, including any 
supporting metal work, is within the zone of pro- 
tection of the lightning protective system. 

Where the conditions in the preceding paragraph 
cannot be fulfilled, precautions should be taken to 
ensure that the lightning current can be discharged 
to earth without damage to the structure and its 
occupants as given below: 

a) With an aerial system fitted directly on to 
a protected structure this can be accompli- 
shed by connecting the aerial bracketry to 
the lightning protective system at the 
nearest point accessible below the aerial 
installation. 
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b) With an aerial system fitted on a metallic 
support structure which projects above the 
lightning protective system this can be 
accomplished by connecting the aerial 
support structure to the lightning protective 
system at the nearest point accessible bslow 
the aerial installation, 

20.3 Aerials on Uaprotected Striactores 

Before installing an aerial on an unprotected 
structure, the need to provide a protective systena 
should be assessed in accordance with the detail 

inS.L 

20.4 Use of Earth Electrodes of Lightumg 
Protective System 

It is permissible to use the earth electrode of the 
lightning protective system for the purposes of 
earthing the aerial system, provided this does not 
conflict with the regulations for the reception of 
sound and television broadcasting. 

21 MISCELLANEOUS STRUCTURES 
2LI Tents 

21.1.1 Large Tents 

Where large temporary structures of this type are 
used for such purposes as exhibitions and enter- 
tainments involving large numbers of people, 
consideration should be given to their protection 
against lightning. In general, such structures are 
manufactured from non-mctaliic materials and the 
simplest form of protection will usually consist of 
one or more horizontal air terminations suspended 
above them and connected solidly to earth. A non- 
metallic extension of the vertical supports provided 
for such structures may, if convenient and practi- 
cable, be used for supporting a system of horizon- 
tal air terminations but a clearance of not less 
than 1*5 m should be maintained between the 
conductor and the fabric of the enclosure. Down 
conductors should be arranged outside the struc- 
ture and be connected to earthing rods which in 
turn should be connected to a ring conductor in 
such a manner as to be inaccessible to the general 
public. Those types of structure which have metal 
frameworks should have these efficiently bonded 
to earth at intervals of not more than 30 m of 
the perimeter. 

21.1.2 Small Tents 

For small tents no specific recommendations can 
be I given but some of the problems involved are 
considered in 27.4. 

21.2 Metal Scaffolding and Slmilar 
Stractures 

Where such structures arc of sufficient size to 
warrant protection and arc readily accessible to 
the general public, particularly where they are 
erected over and on part of the common highway, 



or as may be used in the construction of public 
seating accommodation, they should be efficiently 
bonded to earth. A simple method of bonding such 
structures consists of running a strip of metal, 
other than aluminium, 20 x 3 mm in size, 
underneath and in contact with the base plates- 
carrying the vertical numbers of the scaffbiding 
and earthing it at intervals not exceeding 30 m. 
With public seating accommodation, only the 
peripheral members of the structure need bonding 
to earth. Other steel structures, such as those used 
for pedestrian bridges over main trunk roads, are 
frequently sited in isolated situations where they 
may be prone to lightning strokes and should, 
therefore, be bonded to earth, particularly at the- 
approach points. 

21.3 Tali Matal Masts, Tower Cranes, and 
Revolving and Travelling Structures 

Masts and their guy wires, floodlighting towers, 
and other similar structures of metallic construc- 
tion should be earthed in accordance with the 
recommendations of this Code. 

Cranes and other tall lifting appliances used ia 
building construction, in shipyards, and in port 
installations also require bonding to earth. For 
cranes or revolving structures mounted on rails, 
efficient earthing of the rails, preferably at more 
than one point will usually provide adequate 
lightning protection, In special cases, where con- 
cern is felt regarding possible damage to bearings 
by lightning, additional measures may be justified 
and expert advice should be sought. 

21.4 Farna Buildings in Areas of High 
Lightning incidence 

In some areas, where lightning incidence is high 
but where the use of copper or aluminium would 
be economically unjustifiable or be otherwise 
inadvisable, galvanized mild steel wire may be 
used for the protection of small farmsteads or 
similar structures. It should consist of a single 
strand, not less than 6 mm in diameter erected to 
span the roof and ends of the structure and to- 
continue into the ground at a depth of 5 m for 
a distance of 3 m ( Fig. 36 ). Supports may be 
timber, arranged to provide a clearance of not less 
than 0*9 m from the roof. Test joints are not 
required as tests after installation, and subsequen- 
tly, are improbable. However, as deterioration is 
likely to occur first in the buried portions, a short 
separate length of similar material to the lightning 
conductor, suitably pointed and galvanized over* 
all, should be inserted in the ground beside each- 
earth termination to permit periodic withdrawal, 
visual examination and reinsertion to serve as an 
indication of the condition of the underground 
conductor material. Means should be provided to 
prevent access to the exposed cond^jctor and the* 
ground in the immediate vicinity of the buried. 
metal. 
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Flo* 36 LioHTNmQ Protection ( Low Cost Installation ) for 
Isolated Farm Buildings of Brick and Tile CoNaTRuorioN 



llhS Sports Stadiums 

Large sports stadiums arc usuaDy occupied for 
only a small percentage of the time. Ncvcrthekss* 
large number of people arc often involved and 
-some measure of protection may be considered 
necessary. 

With the advent of high multi-tier stands, air 
terminations in the form of horizontal wires could 
be strunst across the stadium from one side to the 
other. Bonding of all metal parts would Deed to 
be done in accordance with the recommendations 
of this Code. 

Another possibility would be to make use of the 
floodlighting towers, cither as essential dements 
of the lightning protective system or as supports 
for horizontal wires. In either case provision would 
need to be made to protect people from danger by 
direct contact with the towers or against ground 
voltage stress around their bases. Direct contact 
with the tower could be prevented by sheathing 
with a protective insulating material from ground 
level lo a height of about 3 m or by fencing off 
the tower base and restricting access to it. 

On the matter of reducing ground stress to a level 
which would not cause harm to human beings, 
this would depend upon the average soil resisti- 
vity and the earthing arrangements. Some general 
comments arc given in 27.4,3 but it will often be 
desirable to seek specialist advice ( s<e also Fig, 17 
and 37 ). 

21.6 Raised Motorways, Bridges, etc 

Simple calculations show that side flashing is 
more likely to occur when standing under the edge 
rather than on the centre-line ot the roadway, 



mid- way between the supporting pedestals. In the 
above case, the following recommendations are 
suggested ( sei Fig. 38 ): 

a) Bond the lighting structure, railings, etc, to 
the reinforcing bars and do MOT use a 
separate down conductor, mounted exter- 
nally* 

b) In potentially dangerous areas where people 
are known to group, put up warning notices 
about the dangers of standing near the 
edge with umbrellas raised. 

2L7 Dwelling Houses 

The recommendations of Code are applicable to 
dwelling houses. The protection of buildings with 
television and radio aerials is discussed in 20, 
where protection is provided. The recommended 
practice for dealing with metallic flue liners is 
shown in Fig. 35. 

22 CONSTMUCTION SITES 

22.1 Structures 

Throughout the period of erection of a structure, 
all large and prominent masses of steelwork, such 
as steel frameworks, scaffolding, and cranes should 
be effectively connected to earth- Once work has 
started on the installation of a lightning protective 
system, an earth connection should be maintained 
at all times. 

22*2 Overhead Power Lines 

During the construction of overhead power lines, 
overhead equipnitnt for railway electrification, etc, 
the danger to persons can be reduced to a mini- 
mum by ensuring that an earthing system is 
installed and properly connected before any 
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1 Metai roof, providing a natural air terminatioss* 

2 Bond to 4te«l roof and reinforcing bar of each concrete column, 

3 Reinforciag bars to column, providing natural down conductor. 

4 Bond to reinforcing bar for earthing, 

5 Earth «lectrode in concrete houtini?. 

6 Earth ring interconnecting each earth electrode. 

NOTE — AU continuous or earthed metal should be connected to the earth ri^ig. ^ 

7 Light ring column ( «# Fig, 17 ). 

Fio. 37 LioHTNiKo Protection System for Spokts Stadium { Football Ground y 
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conductors other than earth wires arc run out. 
Once the conductors arc run out and insulation 
installed, they should not be left 'floating* whilst 
men are working on them, but should be connec- 



ted to earth in the satne manner as when mainte- 
nance is being carried out after the line is- 
commissioned. 



SECTION 4 MISCELLANEOUS PROVISIONS AND EXPLANATORY NOTES 



23 INSPECTION 

23.1 All lightning protective systems should be 
visually inspected by a competent person during 
installation, after completion and after alteration 
or extension, in order to verify that they arc in 
accordance with the recommendations in this 
code. Visual inspections should be repeated at 
fixed intervals, preferably not exceeding 12 
months. 

23.2 In addition, the mechanical condition of all 
conductors, bonds, joints, and earth electrodes 
( including reference electrodes ) should be checked 
and the observations noted. If, for any reason, 
such as other site works, it is temporarily not 
possible to inspect certain parts of the installation, 
this also should be noted. 

24 TESTING 

24.1 On the completion of the installation, or 
any modification to it, the following measure- 
ments should be made and the results recorded 
in a lightning protective system log book: 

a) The resistance to earth of the whole instal- 
lation and of each earth termination. 

b) The electrical continuity of ail conductors 
bonds and joints. Typica] examples are 
illustrated in Fig. 29. 

The method of testing shall be that recommended 
in IS 3043 : 1987. 

24.2 If the resistance to earth of a lightning pro- 
tective system exceeds 10 Q, the value should be 
reduced except for structures on rock as described 
in 18.5. If the resistance is less than 10 Q, but 
significantly higher than the previous reading, 
the cause should be investigated and any necessary 
remedial action taken. 

Tests should be repeated at fixed intervals, pre- 
ferably not exceeding 12 months. 

NOTES 

1 It may be advantageous to choose a period slightly 
shorter than 12 months in order to vary the season in 
which tests ate made. 

2 It is emphasized that before isolating a lightning 
protection earth, it should be tested to ensure that it is 
not *live\ using a sensitive voltage testing device. 
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25 RECORDS 

25.1 The following records should be kept on site 
or by the person responsible for the upkeep of the 
installation: 

a) Scale drawings showing the nature, dimen* 
sions, materials, and position of all com- 
ponent parts of the lightning protective 
system. 

b) The nature of the soil and any special 
earthing arrangements. 

c) The type and posidon of the earth electro- 
des, including 'reference electrodes'^ 

d) The test conditions and results obtained 
( see 24 ). 

e) Any alterations, additions, or repairs to the 
system. 

f ) The name of the person responsible for the 
installation or its upkeep. 

2$ MAINTENANCE AND UPKEEP 

26.1 The periodic inspections and tests recom- 
mended in 23 and 24 will show what maintenance, 
if any, is needed. Particular attention should be 
given to: 

a) earthing; 

b) evidence of corrosion or conditions likely to 
lead to corrosion; and 

c) alterations and additions to the structure 
which may affect the lightning protective 
system ( for cxamplej changes in the use of 
a building, the installation of crane tracks, 
erection of radio and television aerials ) . 

27 EXPLANATORY NOTES ON SOME OF 
THE RECOMMENDATIONS OF THIS 
CODE 

27.1 Glares 12*3 ^Earth Terminations' 
amd 12.4 ^Earth Electrodeg' 



27.L1 General 

Comprehensive information on ,the subject 
earthing is to be found in IS 3C13 : 1987. 
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57.1,2 Effect on Side Flashing and Peiential Difference 
Clm to the Earth Electrode 

As outlined in 5J, the resistance of the earth 
tcririination affects the rislc of side flashing within 
the structure to be protected and the nsk oi" a 
dangerous potential gradient in the ground 
adjacent to the earth termination. The risk oi 
side flashing in some types of structure depends 
on other factors in addition to the resistance of 
the earth termination and this aspect is discussed 
in 5,2. The potential gradient around the earth 
termination is exclusively a function of the soil 
resistivity. In Fig. 17 a lightning stroke is 
assumed to occur to the lightning protective 
system of a structure. As the Jightning current is 
discharged through the earth electrode, the 
surrounding soil is raised for the duration of the 
discharge to a potential with respect to the body 
ot the earth. The resulting potential gradient is 
illustrated and it is shown how its voltage gradi- 
ent can be reduced by adding ring earth electro* 
dcs to lower the effective earth resistance. 

Such a potential difference may be lethal to a 
pel son it it exceeds a few thousand volts and to 
an animal if it exceeds a few hundred volts. As 
this potential difference is a function of the 
product of the lightning current and the resistance 
of the earth electrode, the importance of keeping 
the latter as low as possible is evident. For practi- 
cal purposes, a maximum value ot 10 fl is recom- 
mended. The danger to persons within a 
structure is effectively reduced by the presence of 
any floor other than one of earth or rock. 

27.1.3 Use of Service Pipes as Terminations 

With the growing use of insulated sections be- 
tween the main service pipes and the feeds enter- 
ing structures, reliance cannot be placed on their 
use as either primary or secondary earthing 
terminations. 

All that can be said is that they should be bonded 
to the lightning protective system internally in 
such a way that all connccdons can be inspected 
easily. 

27.1.4 Lengths of Driven Electrodes 

No limit need be set on the minimum length of a 
driven electrode; a 1*2 m long electrode may be 
adequate in favourable soil conditions, parti- 
cularly where there is a shallow layer of low 
resistivity soil, such as clay, overlying gravel, 
sand or rock. Deeply driven electrodes are used 
where, for example, clay lies beneath gravel. 
Reliance should not be placed on standing water 
levels. The water, especially in gravel, may be 
pure and will not necessarily provide a low resis- 
tmct value for th* electrodes entering into it 
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No appreciable advantage in rciistancc reduction 
is gained by increasing the diameter or surface 
area of the driven electrode. Larger sizes become 
more difficult to drive and are more expensive in 
materials. For example, for electrodes of 1 2 m 
in length, the relation between diameter and mass 
is shown below: 



de Diameter 


Approximate Mass 


mm 


kg 


13 


1-4 


16 


2-3 


19 


32 


25 


5'4 



Thus, the mass of a 1*2 m x 25 mm rod is four 
times that of a 1 2 m X 13 mm rod. 

For the same mass of material, one 4*8 m x 13 mm 
electrode rod or four 12 m x 13 mm electrodes 
spaced 1*2 m apart will provide a resistance value 
of about one-third of that of one 1'2 m x 25 mm 
electrode rod in the same kind of soil. 

2 7, 1.5 Special Cases 

Special considerations apply at earth terminations 
for: 

a) fences containing metal ( 16,3.l ), 

b) trees (17), 

c) farm buildings ( 20.4 ), and 

d) structures on bare rock. 

If a structure on bare rock is protected as recom- 
mended in 12.3.5 and any metal in or on the 
structure is bonded to the lightning protective 
system as recommended in 18.5.3, adequate 
protection should be provided for persons inside 
the structure. However, persons leaving or enter- 
ing such a structure whilst an overhead thunder- 
storm is in progress are exposed to the risk arising 
from the high potential drop likely to occur out- 
side during a discharge to the structure. 

If surface soil or a rock vein of high conductivity 
is available within 30 to 50 m from the structure, 
an earthing electrode as described in 12.4 should 
be provided and this should be connected to the 
ring conductor. The risk to a person when leav- 
ing or entering the structure is thus reduced, 
although not completely eliminated. 

27.2 Glaisses 12,5 ^Metal In or oo a Struc* 
tore^ EBd 14 ^Stractiur®® Esccedlsg 30 sn in 
Height' 

27,2.1 Bonding of Extended Vtrtical Runs of Metal 
Whither Connected to Earth or not 

Any extended metal in or on the structure and 
not connected to the lightning protective system. 
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for example, water plpca, gas pipes, ractal- 
sheaths, electrical installations, etc, which is in 
conducting connection with earth remains essenti- 
ally at earth potential during a lightning 
discharge. Even if an extended vertical metal 
part is not in contact with earth, a potential 
diiTercncc between it and the lightning protective 
system is liable to arise although the magnitude 
of this potential difference will be smaller than if 
the metal were earthed. If the resulting short- 
time potential difference between any part of the 
lightning protective system and any adjacent 
metal exceeds the electric breakdown strength of 
the intervening space, be this air, a wall, or any 
other structural material, a side flash can occur 
and this can cause physical damage, ignite flam- 
mable material, or cause electric shocks to per- 
sons or animals. 

27.2.2 Bonding External Vntical Runs of Metal at 
Each End 

Such bonding has to be effected at both extremi- 
ties of any extended vertical metal. The metal 
may then form part of the discharge path but 
any risk of physical damage or injury is avoided, 

27.2.3 Which Metal Needs Bonding 

Difficulties arc liable to arise in deciding which 
metal parts require bonding and which can be 
disregarded in this context. No such difficulties 
should arise with long continuous installations 
such as metallic service pipes, ducts, lifts, stair- 
cases, or long ladders. These can usually be 
bonded to the lightning protective system without 
cxcciisive inconvenience or cost. On the other 
hand, the presence of short isolated pieces of 
metal such as window frames, which arc merely 
in fortuitous connection with the ground through 
the raincovered surface of the structure, can be 
disregarded. 

A structure having reinforcement, steelwork, or 
cladding forming a continuous close metal mesh 
in the form of internal reinforcement or screen 
approaches the condition of a Faraday Gage in 
which any internal metal assumes the same 
potential as the cage itself. On such a structure, 
the risk of side flashing is greatly reduced and the 
rules for bonding can be substantially relaxed. 
In cases of doubt specialist advice should be 
sought. 

27.2.4 Dangers oj Thin Metal Coverings 

If any part of the outer surface of the structure 
is covered with a thin metal skin, this metal may, 
by accident or design, form part of the path of 
the lightning current as it goes to earth. The 
current may be caused to leave the metal, cither 
through the metallic path not being continuous 
or through its cross-sectional area being inade* 
qua te to carry the current without melting. In 



cither case, an arc will be formed and this arc 
entails some risk of fire if easily ignitable 
materials arc present. The recommended clear- 
ances to avoid the risk of aide flashing are given 
in 12.5. 

27.2.5 Inductance of Down Conductors Relative t& 
Height of Stmciure 

As the height of a structure increases, the resis- 
tive voltage drop in the earth termination network 
assumes progressively less importance as compar- 
ed with the inductive voltage drop which occurs^ 
only along the down conductors. 

27.3 Clause 18 ^Trms asd Stratctisres Nemt 
Tr«e«* 

This clause gives the circumstances in which it 
may be advisable to provide protection for trees. 

The recommended earth termination network is 
designed to protect the roots of the tree and to 
reduce the potential gradient in the event of a 
lightning discharge to the tree to a safe value 
within the area bounded by the outer buried strip 
conductors. 

The practice of sheltering under trees during a 
thunderstorm is dangerous and should be dis- 
couraged wherever possible. 

When a tree is struck by lightning, a potential 
gradient develops along its branches, trunk and 
roots and this may cause a side flash to an adja- 
cent structure as mentioned in 27. 

The fiashover strength of a tree can be taken as 
250 kV/m as compared with the breakdown 
strength of air of 500 kV/m. These figures form 
the basis of the recommendation in 17.1(h) as to 
the minimum safe clearance between a tree and 
a structure. 

If the actual clearance is found to be too small to 
prevent the occurrence of a side flash to the 
structure, the latter should be fitted with lightn- 
ing protection in such a manner that the energy 
in the side flash is discharged through the pro- 
tective system without damage to the structure. 

Ifa tree near a structure is itself fitted with a 
lightning protective system, the structure may 
thus be adequately protected. No further lightn- 
ing protection for the structure will then be requi- 
red, provided the conditions recommended in this 
Code with respect to the cone of protection and - 
separation arc followed. 

27.4 CUtise 2 ^MlscellAneoas Starisctures' 
27.4.1 Small Tents 

For small tents the foregoing recommendations 
would be expensive. However, in^areas of severe 
thunderstorm activity, and iii mountainous 
regions, campers using small tents are strongly 
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advised to adopt certain precautions. These are 
iJisted below ( see Fig. 39 ): 

a) Protection for small tents can be achieved 
by the use of one or two telescopic metal 
poles outside ;hc tent which should be so 
arranged that the tent lies within the 
protective angle recommended in 12.2. 
The foot of each of these metal poles 
should be connected to an earth spike 
placed in a direction away from the tent 
and, wherever possible, driven into a moist 
piece of ground. In addition, a bare metal 
wire should be laid on the ground around 
the tent and connected to the foot of each 
metal pole, 

b) In the case of a mctal-frammcd tent, the 
metal, if continuous, will act as the lightn- 
ing conductor. The frame should be con- 
nected to two earthing spikes driven as 
described above in opposite directions away 
from the tent. 

c) In a thunderstorm it is essential, parti- 
cularly in unprotected tents, to avoid the 
risk of potential difference across the body, 
This may be accomplished by lying on a 
metal-frammed cot. If this is not possible, 
the risk can be reduced by sitting on the 
ground with the knees down up to the 
chest and by avoiding physical contact with 
the tent and with other occupants. 

27.4.2 Sports Stadiums 

When a tall lighting column is struck by lightn- 
ing, the current flows into the ground from the 
«basc of the column and a good approximation to 



the ground stress can be obtained from an 
assumption that the cquipotentials in the ground 
arc hemispherical shells. Hence with a median 
current of 30 kA and an average soil resistivity 
of 103 Q m the ground stress will be about 50 
kV/m at a distance of 10 m from the column and 
v^ill fall ofT as the square of the distance ( see 
Fig, 17 and 37). 

On the assumption that for human beings the 
voltage gradient should not exceed 10 kV/m, a 
distance of 22 m from the column base would be 
needed in order to reach this level, 

Use of a suitable earth electrode in the form of a 
circular mesh 10 m in diameter could significantly 
reduce the ground voltage stress in the vicinity of 
the tower. Additional protection against ground 
voltage stress could also be obtained by providing 
an insulated mat of 4-ply 1 000 gauge PVC sheet 
just below the final asphalt layer. 

For protection against direct contact with the 
tower itself, a 4 mm coating of epoxy resin spray- 
ed on to the structure from ground level to at 
least 3 m high is recommended. 

Care must be taken in the choice of material used 
in order to keep its degradation by sunlight to a 
minimum. 

273 Magnetic Wiping of Dat& In Computer 
Memoriei 

This question is sometimes asked and although it 
is possible for data to be wiped from certain types 
of memories, the current would have to pass so 
close to the memory store that the chance of it 
happening can be ignored. No reference to this 
problem is, therefore, made in this Code. 
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( CanHmudJfcm second covn ) 

TWa CJodc was Brst issued in 1963 and revised subsequently in 1969, The 1969 version was an 
attempt to take into account the then advances in the protection of buildings and structures against 
lightning and brought up to date the first version by incorporating the current practice in providine 
protection against lightning. 

Based on data available, the 1969 version introduced a digiial system of assessing the risk of 
damage to buildings due to lightning. In this system, index figures are allotted to the various 
factors influendng the risk of damage due to lightning to buildings and structures. The degree 
of necessity or otherwise of lightning protection can be judged fronj the sum of the index figures 
— thi higher, the total figure, the greater the need for lightning protection. It was, however, 
emphasized that this system should be regarded as an aid to judgement and not as a sole 
criterion. 

The present revision updates the contents of the Code and also reorganizes the presentation in 
such a manner as to enhance its use. While retaining most of the topics, it includes additio&ai 
factors asul changes, paiticuiarly the current waveform which ailects the clearance for prevent* 
lug side flashing. 

This Code h intended to give guidance on the principles and practice which experience has 
shown to be important in protecting structures against damage from lightning. This Code is not 
a specification, but gives recommendations and guidance. This limitation is due to the inconsis- 
tent nature of the lightning phenomenon which means that the degree of protection has to be 
based on statistics and cannot be stated in exact terms. Moreover, the Code recognizes the 
fact that wide variations in the architecture of the buildings and in the topography and atmospheric 
conditions in dilferent parts of the country require that considerable freedom in the design of the 
protective system should be given. 

In the preparation of this Code, assistance has been derived from BS 6651 ; 1985 *Gode of Prac- 
tice for Protection of Structures Against Lightning', issued by the British Standards Institution. 

Composition of Electrical Installations Sectional Committee^ ETDG 20, which was responsible for the 
preparation of this standard is given in Annex A. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test, shall be rounded off in accordance 
with IS 2 : I960 'Rules for rounding off numerical values ( remedy. The number of significant 
places retained in the rounded off value should be the same as that of the specified value in this 
standard. 
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The use of the Standard Mark is governed by the provisions of the Bwem of Indian SUmdsrds 
Adf 19B6 a&d the Rules and Regulations made Uiereunder. The Standard Mark on products 
covered by an Indian Standard conveys the assurance that they have been produced to comply 
with the requirements of that standard under a well defined system of inspection, testing and 
quality control which is devised and supervised by BIS and operated by the producer. Standard 
marked products are also continuously checked by BIS for conformity to that standard as a 
litrther safeguard. Details of conditions under which a licence for the use of the Standard Mark 
mav be granted to manufacturers or producers may be obtained from th« Bureau of 
Lumaii StaiMlarda. 
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BIS is a natulory ioitkutioii attidbftfthdd under the Bm$m of Indian Smidirds M^ 1996 to prdntolt 
hannomous deveiopme&t of the activities of staodardizatioii, marking and quality certification of goodi 
and attending to connected n^lteri in the country. 
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BIS has the copyright of ali its publications. No part of these publication may be reproduced in any form 
widiout the prior permission in writing of BIS. This does not preclude the free use> in the course of 
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Enquiries relating to copyright be addre^ed to the Director ( Publications )» BIS. 

Indian Standards are reviewed periodically and revised, when neceasasry and amendments, if any» are 
issued from time to time* Users of Indian S^»idards should ascertain that they are in pc^session of the 
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